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Leuven) die de biologische testen van de eudistomines zeer uitgebreid en degelijk hebben uitgevoerd 
(hoofdstuk 9) 
Twee mensen die in één adem genoemd dienen te worden en die altijd (dus ook in het weekend) 
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The study of the utility of Nb-hydroxytTyptophan and its derivatives in the synthesis of natural 
compounds has been ongoing in Nijmegen since 1981 ' Initially N-hydroxytryptophan was studied 
in approaches to neoechinulm В I,2 spondesmin В 2,3 fumilremorgin С 3 4 5 and vemiculogen TR-2 
(4) 4 5 indole alkaloids, which all have the tryptophan α-carboxyl and -amino groups incorporated 
into a dioxopiperazine moiety (chart 1 1) Of these fungal-derived secondary metdbolites, the ß-
carbolines fumitremorgin С 3 and vcrruculogen TR-2 (4) m particular, have interesting biological 
(CNS) activities In 1984 the total synthesis of the tetracyclic eudistomin series {eg debromo-
eudistomin К 5) was begun Eudistomins, first isolated trom the colonial tunicate Eudistoma 
Ohvaceum, display potent antitumor and antiviral activities 6 In addition to their promising biological 
activity, tetracyclic eudistomins possess remarkable structural features such as the Nb-oxotryptamme 
moiety combined with an unprecedented 7-membered [ 1,6,2]-oxathia7epine ring 
1 Neoechinulm В 2 Spondesmin В 3 Fumilremorgin С 
Me OH 
4 Verruculogen TR-2 5 Debromoeudistomin К 
In an approach to the synthesis of eudistomin 5, first the Pictet-Spengler condensation of Nt,-
alkoxytryptophans 6 with several aldehydes 7, to give Nb-alkoxy-ß-carbolines 8, was studied 
(scheme l l ) 7 This study was extended toward the tot?l synthesis of eudistomins by the preparation 
of Nb-alkoxytryptophans 9 and Nb-alkoxytryptamine 10, both containing Nb-alkoxy chains with 
terminal groups which could easily be transformed into an aldehyde moiety These Nb-




condensation smoothly to give the tetracyclic l,3-disubstituted ß-carbohnes 11 m high yields 8 As is 
depicted in scheme 1 1, the aldehyde from 10 was generated by selective dusobutylaluminium 
hydride (DIBAl) reduction of the methyl ester 
Scheme 1.1 









R2=H, Me, Ph, CQEt, CONHMe 
R3=H, Me, η-Pr, i-Pr, η-Bu, Ph, Bn 
R4=H, Me, η-Pr, Ph, Bn, 2-thienyl, 
3,4,5-Ph(OMe),, QH4SCOMe, 
CH(NHCbz)CH2SCH2Ph 
Ода: -χ. CçCC = СдО, 
H HC(OMe) 9 H H I I 2) Η+ 
11(R=H, Me, CCfeMe) 
H C02MeV 
10 ^ " " " ^ 
By application of this type of intramolecular PS condensation to the precursors 12 or 13 closure 
of the 7-membered [l,6,2]-oxathiazepine ring, present in the tetracyclic eudistomin series, was also 
performed in high yields (scheme 1 2 ) 9 
scheme 1.2 
O/X ^ Ct£x~ (XA0 H
 С 0 2 М е ^
 H




The closure of the 7-membered ring proceeded smoothly, but resulted in unfavored 
diastereoselectivity to give the unnatural trans eudistomin diastereomer with a diastereomenc excess 
of 40% 1 0 In the same study all four possible stereoisomers were synthesized and an antiviral and 
antitumor structure-activity relationship (SAR) study revealed that only the natural stereoisomer 
exhibited biological activity u Both debromo eudistomin К 5 and particulary a 10-methoxy 
derivative thereof showed pronounced antiviral and antitumor activities (in the nanomolar region) thus 
reconfirming their status as potent lead compounds in the development of antiviral and/or antitumor 
drugs 
In this thesis our continuing research concerning eudistomins employing the intramolecular PS 
condensation is described The research goals which were set at the beginning are 
2 
INTRODUCTION 
GOALS OF THIS THESIS 
1 - To study the factors controlling the diastereoselectivity of the intramolecular PS condensation 
in order to arrive at a diastereoselective synthetic route toward the natural C(l)H-C(13b)H cis 
eudistomins 
2 - To prepare eudistomin derivatives designed to establish the essential structural elements that 
are necessary for both antiviral and antitumor activity 
3 - To investigate the synthetic scope and the mechanism of the intramolecular PS condensation 
by the synthesis of the tetracyclic skeleton of the naturally occurring canthmes 
1.2 Literature Survey of Eudistomins 
1.2.1 Isolation and Biological Activity 
Marine natural products have been an important source of drug leads for almost 30 years 12 A 
variety of biologically active compounds has been isolated including CNS membrane-active toxins, 
ion channel affectors, anti-inflammatory agents, anticancer agents, tumor promotors and antiviral 
agents 13 The majority of the marine products have been isolated from sponges, soft corals, 
molluscs, coelenterates, algae or ascidians Of these species the ascidians (= tunicates) in particular 
distinguish themselves because of their biosynthesis of unprecedented, mainly amino acid derived, 
secondary metabolites l4 
Tunicates (or sea squirts) are members of the Phylum Chordata which also include the vertebrates 
In the Phylum Chordata, the tunicates are incorporated in the subphylum Urochordata (= Tunicata) 
Adult tunicates are sessile filter feeders which live either alone or in colonies and are hermaphrodite 
They range in size from about 1 mm (colonial type) to over 40 cm (solitary type) in diameter and are 
common in all seas 
The colonial tunicate genus Eudistoma proved to be a rich source of biologically active alkaloids 
Until now over 40 different compounds have been isolated belonging to six structural classes The 
majority of these compounds are indole alkaloids Those belonging to the ß-carbohne class, the 
eudistomins and eudistomidins, are depicted in chart 1 2 15 
The tetracyclic eudistomins Γ 30 and E 31, bearing the 7-membered oxathiazepine ring, are 
highly active against HSV-1 (5-10 ng/disk) and HSV-2 (25 ng/disk) viruses 6 b Moderate activities 
for the same viruses were reported for the eudistomins D 15, Η 23, К 33, K(suifoxide) 34, K(debromo) 
35, L 36, N 17 and Ρ 25 (100-500 ng/disk) 6 b ' c ' d Low antiviral activities were found for the 
eudistomins О 18 and the ß-carboline 19 (500-2000 ng/disk) Antitumor activity has also been 
reported Eudistomin К 33 gave, m vitro, an IC50 against P388 cell lines of 0 01 μg/mL The in vivo 
assay gave a T/C of 137% at 100 mg/kg In the same report additional in vitro antitumor activities 
were reported against L1210 A549, and HCT-8 cell lines 6 d Of the several biological activities 
exhibited by the eudistomidins and woodinine only their antitumor activity will be noted here l 6 
3 
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INTRODUCTION 
The eudistomidins В 38, С 39 and D 40 showed cytotoxic activity against L1210 (IC50 of 3 4, 
0 36, and 2 4 μg/mL) and L5178Y (IC50 of 3 1, 0 42, and 2 4 ця/тЬ) cells, respectively 
A closer look at the structures depicted in chart 1 2 shows some interesting resemblances 
Although knowledge of the biosynthetic pathways leading to marine alkoloids is limited, some 
statements seem to be valid With the exception of the structures 15-19, 27-29 and 40 all 
eudistomins, eudistomidines and woodmine are derived from a PS reaction of tryptophan with the 
aldehydes of cysteine (30-36, 39, 41, 42), phenylalanine (38) or proline (20-26, 37 and 43) 
Furthermore, with the exception of eudistomidine В 38 and woodmine 43, all stereogenic centers are 
derived from D-ammo acids The cysteine derived structures 31, 41, 42 and 36, 39 show the same 
substitution pattern in the aromatic part as well Finally, comparison of the cysteine derived structures 
suggest that biosynthetically the oxathiazepine eudistomins 30-36 are the result of an «Hfermolecular 
PS condensation followed by closure of the D-ring 
The endogenous function of eudistomins is most likely to provide a chemical defense against 
parasitical (micro)organisms The eudistomins G 22 and H 23 play an important role in the 
prevention of settlement of fouling organisms 1 7 
1.2.2 Syntheses 
The PS condensation is the key reaction in the syntheses of eudistomins Since the beginning of 
this century, the PS condensation has been the method of choice for the construction of the tricyclic 
ß-carbohne moiety 18 The PS condensation may take place via two pathways from the lminium ion 
intermediate 46 (scheme 1 3) 
Scheme 1.3 R2 
32 _ f N R 3 
СцА·*— (XB* = Q|K 
4 4 R l o r H 
45 
Although the intermediate spiroindolenine 47 (route A) has been detected or isolated in several 
cases, it cannot be ruled out that the ultimate ß-carboline formation takes place via direct attack at the 
indole-2 position (route B) l 9 According to Baldwin's rules for ring closures, attack at the indole-2 
position proceeds via the favored 6-endo-mg pathway while attack at the indole 3-position proceeds 
via the disfavored 5-endo-tng pathway 20 The exact mechanism of the PS condensation is at present 
CHAPTER 1 
still under investigation 21 The influence of the substituents R1"4 on the rate and the stereochemical 
outcome of the PS condensation has been studied thoroughly 22 
For the construction of the ß-carboline moiety in the eudistomins 30-36 with the PS condensation 




 τ > 
A. /ntermolecular PS condensation of cysteine aldehydes 53 with Nb-hydroxytryptammes 52 to 
give the tricyclic ß-carbolines 50, followed by closure of the 7-membered oxathiazepine D 
ring (scheme 1 4, route A) 
В /wframolecular PS condensation of tryptamine 51, to which the cysteine fragment is already 
coupled via the oxathioacetal moiety, to close the CD-nngs in a simultaneous fashion (scheme 
1 4, route B) 
Both approaches are described in the literature and will be discussed separately Only those 
approaches which succeeded in constructing the tetracyclic eudistomin skeleton will be discussed 
here 2 3 
Intermolecular PS approach (route A in scheme 1 4) 
The intermolecular PS approach seems most straightforward for the synthesis of the tetracyclic 
eudistomins The first total synthesis of the eudistomins L 36 and K(debromo) 35 was indeed 
accomplished using this strategy by Nakagawa and coworkers 2 4 By application of the same 
methodology the total synthesis of eudistomin F 32 had also been achieved 2 5 In both syntheses the 
crude aldehydes 53 (after purification by column chromatography the aldehydes were obtained as 
racemates) were first condensed with the Nb-hydroxytryptamines 52 under neutral conditions to give 
the crystalline nitrones 54 (scheme 1 5) Subsequent acid treatment of the nitrones 54 at -78°C for 1 
h gave the diastereomenc cis/trans ß-carbolines 50 optically pure m nearly quantitative yields with 
d e 's of 82-95%, in favor of the desired cis isomer (scheme 1 6) 
6 
Scheme 1.5 
R 2 ^ \ ^ N ' ΗΝ R 3 H N 
O n — 






















 R 3 
+ 50ajb (cis/trans) 
After quenching of the reaction mixture after 5 min at room temperature, the trans spiro 
compound 55 was isolated and characterized as well as both diastereomenc ß-carbolines 50a,b 
Bromination of the spiro intermediate was selectively accomplished at the Rl position thus opening a 
synthetic route toward eudistomin L 36 The bottleneck in this synthesis was closure of the 7-
membered oxathiazepine ring As is depicted in scheme 1 7, Pummerer type cyclizations of 56 gave 
the eudistomins 57 in only 22% yield at best, while NCS mediated ring closure of 50a resulted in 
yields below 10% 
Scheme 1.7 
25 
R 1 \ ^ — r ^ N Ncst R1· 
R 2 A ^ N A 4 < N - 0 H R2 
Η 
R3HN' • S 4-8% 
50a 
A A ? V N - O H 
/ 
Removal of the protective groups in 57 afforded the, optically pure, eudistomins L 36, К 33 and 
K(dchromo) 35 
A similar approach was used by Still and Strautmanis in their synthesis of N(l)-acetyleudistomin 
L 60 (scheme 1 8 ) 2 6 Closure of the oxathiazepine ring was achieved m 17-21% yield using a sila-







Although both the syntheses of the cysteinal derivative and the PS condensation had been carried 
out exactly as described by Nakagawa and coworkers, it was reported that for unknown reasons the 
ß-carbohne 58 was obtained as a racemate 26 
Yoon and coworkers closed the oxathiazepine ring in 35-50% yield by nucleophihc insertion of a 
methylene moiety between the thiol and hydroxyl moieties in 61 under 2-phase conditions to give the 
Cbz-protected eudistomin K(debromo) 62 using dibromomethane (scheme 1 9) 27 The ß-carbohne 61 






KOH, water, reflux 
-^
or CH2Br2> Adogen®464, 




Intramolecular PS approach (route В in scheme 1 4) 
This approach has been used only by our group8 ' ' (vide supra) and concurrently by Kirkup and 
coworkers 2 8 Build up of the Nb-alkoxytryptamine skeleton m Kirkup's approach was accomplished 






-a ll N.. 1) DIB AL, -78°C 
О 2) silica gel 
H C02Me\
 6 
65 k ^ - S 26% 
Reduction of both the oxim and the methyl ester group in 65 was accomplished simultaneously by 
treatment with DIB AL After quenching of the excess of reducing agent with methanol, silica gel was 




1.3 Introduction to the Chapters 
In chapter 2 a study of the factors controlling the stereochemical outcome of the intramolecular PS 
condensation in the synthesis of tetracyclic eudistomins is presented. In chapter 3 an attempted 
diastereoselective synthesis of natural cis eudistomins starting from a trans derivative with a C(l)-
hydroxy group is presented. The hydroxy group in the trans diastereomer may be substituted by a 
suitable masked amino group via an Sn2 reaction, e.g. by application of the Mitsunobu reaction, to 
give the desired cis diastereomer. The synthesis of an eudistomin derivative with the sulfur atom in 
the oxathiazepine ring replaced by a methylene group is described in chapter 4. Also an attempted 
diastereoselective approach to this derivative via its trans C(l)-hydroxy precursor and the Mitsunobu 
procedure is described. In chapter 5 an attempted synthesis of an eudistomin derivative with the 
oxygen atom in the oxathiazepine ring substituted by a methylene group is presented. The synthesis 
of an eudistomin derivative with the indole moiety substituted by a dimethoxyphenyl group to give 
the isoquinoline skeleton by applying the intramolecular PS condensation, is described in chapter 6. 
In chapter 7 a study of the intramolecular PS condensation of tryptamine derivatives with 
alkylaldehyde chains at the indole nitrogen, to give the naturally occurring canthine type skeleton, is 
presented. Chapter 8 deals with the conformations of the oxathiazepine ring present in eudistomins 
based on X-ray crystallographic and 'H-NMR data. The antiviral and antitumor activities of the 
newly synthesized eudistomin derivatives together with the known activities from previous studies is 
presented in chapter 9. This thesis is concluded with a summary in English and Dutch. 
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Diastereocontrol in the Synthesis 
of Tetracyclic Eudistomins 
2.1 Introduction 
Since their isolation in 1984 by Rinehart and coworkers, tetracyclic eudistomins have been an 
intriguing target for total synthesis in a number of research laboratories ' These efforts have resulted 
in two successful synthetic routes, namely an miermolecular Pictet-Spengler (PS) condensation (route 
A) by the groups of Nakagawa2a' , Still,20 and Yoon3 and an inframolecular PS condensation (route 
B) by Kirkup and coworkers,4 and our group (scheme 2 1) 5 
scheme 2.1 
Tetracyclic Eudistomins 1 
In the lnlermolecular approach (route A) the PS condensation offers the correct cis configuration 
for H(l) and H(13b) It turns out, however, that closure of the 7-membered oxathiazepine ring (D-
nng) is the crucial step The optimized yield of a modified Pummerer-type cyclization was only 
22% 2 b c Better results (50% yield) were recently obtained by nucleophihc closure of the 7-membered 
ring In this approach the reactant in route A (X=C1, scheme 2 1) was initially formed from the 
corresponding thiol and bromochloromethane, followed by a nucleophihc attack of the oxygen atom 
to give the tetracyclic structure 1 
We were able to close the С and D rings simultaneously by means of the intramolecular PS 
condensation (route B) in good to excellent overall yields (66-98%) In contrast to the intermolecular 
approach, the intramolecular approach affords predominantly the unnatural C(l)H-C(13b)H trans 
diastereomer Our recently published structure-activity relationship study revéales that only 
eudistomins with the correct natural stereochemistry at both C(l) and (CI3b) exhibit biological 
activity 6 Therefore, a diastereoselective high-yield process is needed for the synthesis of as 
eudistomins In this chapter a study of the factors controlling the diastereoselectivity of the 
intramolecular PS condensation is described The results also contribute to a better understanding of 
the mechanistic details of the PS condensation in general 
CHAPTER 2 
As is illustrated in scheme 2 2 the nucleophihc 3-position of the indole nucleus can attack the 
ïminium-ion carbon in structure 2 on the two possible diastereotopic faces of the oxathiazepine ring 
giving the spiro intermediates 3 or 5, respectively Attack on the more accessible Si side in 2 will 
lead to the undesired C(l)H-(C13b)H trans isomer 5, while attack on the R2-hindered Re side in 2 
will give the desired C(l)H-C(13b)H cis isomer 3 This relationship is further maintained in the 
rearrangement to 4 and 6, respectively, and the subsequent loss of a proton to give the final ß-
carbolines 1 and 22 with an aromatized indole nucleus 7 
Taking into account that product formation occurs only via attack of the mdole-3 position at the 
lminium ion and assuming that the final aromatization step is not rate determining, diastereoselective 
formation of the desired cis isomer can only be expected when the rate of the reaction 3—»4 is much 
higher than the rate of the reaction 5—»6 However, it has not been established yet whether or not the 
PS condensation occurs exclusively via a spiro intermediate Nakagawa and coworkers recently 
suggested in their intermolecular approach toward the eudistomin series that direct attack of the indole 
2-position at the iminium-ion carbon could also lead to product formation 8'23 In this case 4 and 6 
arc formed directly from 2 and formation of the trans diastereomer will clearly predominate 
To rationalize stenc effects of substituents at C(l) on the diastereocontrol of the intramolecular PS 
condensation, we synthesized derivatives with different sized groups R2 at the oxathiazepinc ring 
Indole N-methylated derivatives (R'=CH3) have also been prepared to investigate the possible role of 
the hydrogen bond which is present between the indole N-proton and the amino substituent at C(l) in 
the undesired trans product (see scheme 2 3) 
The intramolecular PS condensation was mostly carried out with aldehydes generated in situ by 
DIB AL reduction of the corresponding methyl esters 17a-j In addition to earlier results," we 
present here the use of acetal protected aldehydes 17k-o as precursors, thus extending the scope of 
this reaction 
12 
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To build up Nb-alkoxytryptamine derivatives 17a-o we used the established coupling method of 
chloromethyl sulfides 12 with the Nt,-[2-(tnmethylsilyl)ethyloxycarbonyl] (Teoc) protected Nt,-
hydroxytryptamines 14a and 14b (scheme 2.3) 56,1° 
2.2 Synthesis of the Required Chloromethyl Sulfides 
2.2.1 Synthesis of 2-Substituted Methyl 3-(chloromethylthio)-
Propanoates 
The chloromethyl sulfides 12 were synthesized according to our previously published 
procedure 5 The a-methoxy and α-4-methoxytetrahydropyranoxy derivatives were both synthesized 
from 8. The ester 8 was obtained from the commercially available methyl α,β-isopropylidene-D-
glycerate 7 (sec scheme 2 4). 
scheme 2.4 








a) HI, iv ^ v . JK^ 
— - H O ^ V ^ O M e 
b) v, iv O R 2 
9a. R2=CH3 
9b: R2=MTP 
ι) 80% HOAc, 5dal RT, u) t-BudiPhSi-Cl, imidazole, DMF, in) Mel, Ag20, glass beads, 4À molecular sieves, reflux, 
iv)TBAF. THF, ν) 5,6-dihydro-4-methoxy 2H-pyran, TsOH, THF 
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Methylation of 8 by using Ag2Û and Mel method' ' and subsequent removal of the silyl group with 
tetrabutylammonium fluoride (TBAF) afforded 9a in an overall yield of 74% Protection with the 
bulky and fairly acid stable 4-methoxytetrahydropyranyl (MTP) group was earned out by treatment of 
8 with 5,6-dihydro-4-methoxy-2H-pyran and a catalytic amount p-toluenesulfonic acid (TsOH) in 
THF, followed by removal of the silyl group to give 9b in 96% yield 
In the derivatives 9a,b as well as in 9i and commerciably available 9d, the sulfur moiety is 
introduced by conversion of the primary alcohol group in the corresponding tosylates 10a,b,d,i 
followed by treatment with cesium thioacetate to give the thioacetates lla,b,d,i in overall yields of 
59%, 61%, 48% and 59%, respectively (scheme 2 5). After removal of the acetate to give the free 
thiol, the chloromethyl sulfides 12a,b,d,i were prepared by a phase-transfer alkylation with 
bromochloromethane employing powdered KOH, and the catalyst triethylbenzylammonium chloride 
in yields of 77%, 99%, 71% and 63%, respectively 
scheme 2.5 
0 0 0 о 
H O ^ V ^ O M e - ! * T s O ^ V O M e - ^ A c S ^ ^ O M e ^ C I ^ S ^ V O M e 
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0 TsCl, pyridine 0°C, n) CS2CO3, HSAc DMF. m) NaOMe, MeOH, iv) BrCH^Cl El3BnNCI, KOH (powdered) 
2.2.2 Synthesis of the 2-Substituted 3-(chloromethylthio)-Propanal 
Diethyl Acetáis 
The N-(ferr-butyloxycarbonyl) (NBoc), N-(allyloxycarbonyl) (NAloc) and N-
(benzyloxycarbonyl) (NCbz) protected sennal diethyl acetáis 9k,I,ρ were prepared by DIBAL 
reduction of the corresponding methyl esters 13k, 1,ρ followed by treatment with triethyl 
orthoformate in ethanol in the presence of TsOH as a catalyst In order to remove the TBDMS group 
completely, further treatment with TBAF was neccessary to give 9k,l,p in yields of 78%, 44% and 
24%,'2 respectively, after purification by column chromatography (scheme 2 6) Due to the lability 
of the trifluoroacetyl protective group, this reductive approach to 9o proved to be impossible 
Therefore, 9o was synthesized via 9p and 9n in a standard manner from 9p in 73% overall yield 
14 
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scheme 2.6 
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i) D1BAL,-75°C; ii) НС(ОЕі)з, EtOH, TsOH; iii) n-Bu4NF, THF; iv) TsCl, pyridine, 0°C; v) Cs2C03, HSAc, DMF; 
vi) NaOMe, ШОН; vii) BrCH2Cl. Et3BnNCl, KOH (powdered) 
The thioether group was again introduced by conversion of the alcohols 9k,1,о into the 
corresponding tosylates followed by treatment with cesium thioacetate to give the thioacetates 
Ilk,I,о in yields of 30%, 6 1 % and 51%, respectively. DIBAL reduction of tosylate lOd (scheme 
2.5), followed by treatment with triethyl orthoformate in ethanol catalyzed by TsOH gave the tosylate 
10m in 39% overall yield. The tosylate 10m was transformed into the thioacetate 11m in a similar 
manner as described for llk,l,o in 55% yield. 
After removal of the acetate with sodium methoxide to give the thiol, the chloromethyl sulfides 
12k-m were prepared by a phase-transfer alkylation with bromochloromethane, powdered KOH, 
and triethylbenzylammonium chloride as a catalyst in overall yields of 97%, 99% and 94%, 
respectively. NMR analysis of the chloromethyl sulfide 12o thus obtained showed that 44% of 12o 
was present and, in addition, two other products in yields of 32% and 20%, respectively, which were 
characterized as 20 and 21 (vide infra, scheme 2.9). 
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2.3 Alkylation of Nb-Teoc-Nb-hydroxytryptamine with 
the Chloromethyl Sulfides 
Nb-Teoc-Nb-hydroxytryptamine 14a (scheme 2 3) was prepared as described by Hermkens et. 
al 1 3 For the synthesis of the indole N-methyl derivative 14b, 14a was chosen as the starting 
material (scheme 2 7) To methylate the indole nitrogen selectively it was necessary to protect the 
more reactive hydroxamic oxygen as an allyl ether Treatment of 14a with sodium hydride in 1,2-
dimethoxyethane (DME) and subsequent addition of allyl bromide afforded 15a in a quantitative 
yield, which was methylated to give 15b by reaction with methyl iodide and powdered KOH in 
DMSO Removal of the allyl group was carried out using a cocktail of palladium(ll)acetate/tnphenyl-
phosphine/tnethyl-ammomum formate in refluxing acetonitnle/water14 to give 14b in an overall yield 
of 98% (scheme 2.7) 
scheme 2.7 







ι) allylbromiâe. Nail, DME и) Mel, KOH (powdered), DMSO, inj Pd(OAc)2. PPh3, HC02NHEts 
Ν  OH 
C H 3 
The sodium salt of Nb-Teoc protected Nb-hydroxytryptamines 14a,b were alkylated with the 
chloromethyl sulfides 12a,b,d,hs,i,k,l,m and о in DME under controlled conditions (scheme 2 8) 
scheme 2.8 
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DIASTEREOCONTROL IN THE SYNTHESIS OF TETRACYCLIC EUDISTOMINS 
A solution of the sodium alkoxide derived from 14a or 14b was dropped into the stirred solution 
of in situ formed iodomethyl sulfides from 12a,b,d,h,i,k,l,m and о at such rate (4-5 h.) that the pH 
remained near to neutral to avoid undesired elimination and racemization reactions, thus affording the 
tryptamines 16a,b,d,h,i,k,l,m and o.5,6 After removal of the Teoc group in 16a,b,d,h,k,l and m 
with tetrabulylammonium chloride (TBAC1) and KF*2H20 in acelonitrile at elevated temperature 
(45°C), 17a,b,d,h,k,l and m were isolated in yields of 26%15, 84%, 54%, 56%, 88%. 63% and 
94%, respectively based on 14a or 14b (scheme 2.8). 
It should be noted that alkylations with the N-TFA protected chloromethyl sulfides 12i,o was not 
accomplished. After work-up followed by purification of the product mixture by column 
chromatography it became clear that the chloromethyl sulfides 12i,o had cyclized to give 18 and 20, 
respectively, followed by the formation of the dithioacetals 19 and 21 (scheme 2.9). 
scheme 2.9 
* HNTFA HNTFA 
TFA 
18: R=C02Me 19. R=C02Me 
20: R=CH(OEt)2 21: R=CH(OEl)2 
О 
OMe M^V1 
HNTFA Ы HNTFA 
S " ^ γ " "OMe 
HNTFA 19andCH2I2 
The sodium salt of 14a had acted only as a base and was recovered in both reactions in yields of 
95% and 75%, respectively. Since chloromethyl sulfide 12i, used in the alkylation approach to 16i 
was pure, both side products 18 and 19 must have arisen from 12i during the alkylation. The strong 
electron withdrawing trifluoroacetyl protective group must play a role in the formation of both 18 and 
19. Most likely 18 is formed by a base-induced intramolecular nucleophilic ring closure (scheme 
2.9). As shown in scheme 2.9, the 5-membered ring of 18 is opened by nucleophilic attack of the 
thioether moiety of iodomethyl sulfide 12i to yield the intermediate sulfonium ion as shown which 
then reacts with Г to give dimer 19. The compounds 20 and 21 were already present as 
contaminants of chloromethyl sulfide 12o (vide supra) and are presumably formed in an analogous 
manner as suggested for 18 and 19. 
The α-hydroxy derivative 17c (scheme 2.10) was prepared from 16b by removal of the MTP 
group by treatment with TsOH in MeOH followed by removal (TBAC1/KF-2H20) of the Teoc group 
in 77% overall yield. The free amino derivatives 17e, f were prepared from 16g5 and 16h by the 
simultaneous removal of the Boc and Teoc groups by stirring in TFA/dichloromelhane (1/1, v/v) for 
Π 
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30 min in yields of 92% and 66%, respectively TFA protected compound 17i was synthesized 
from 16g by selective removal of the Boc protective group by treatment with TMSI in acetonitnle at 
-25°C followed by treatment with TFA2O and EtN(iPr)2 in ether and removal of the Teoc group 
(TBAC1/KF«2H20) in 50% overall yield The N
a
-Boc derivative 17j (scheme 2 10) was prepared 
from 16g lc by treatment with di-ferr-butyl dicarbonate and 4-dimethylaminopyndine in acetonitnle, 
followed by removal of the Teoc group (ТВ ACI/KF*2H20) in 90% overall yield The free α-amino 
derivative 17n (scheme 2 11) was prepared from 161 by removal of the Aloe group with Pd(OAc)2 
and triethylammonium formate in refluxing acetonitnle/water (4/1, v/v), followed by removal of the 
Геос group in 72% overall yield TFA protected compound 17o was synthesized from 16n by 
treatment with TFA2O and EtN(iPr)2 in ether and removal of the Teoc group (TBACI/KF«2H20) in 
overall 85% yield 
2.4 Cyclization Reactions via DIB AL Reduction of 
Methyl Esters 
As described previously, the intramolecular PS-condensation proceeds smoothly with 
aldehydes 5 6 1 0 These aldehydes were prepared in situ by reduction of the methyl esters 17a-h with 
DIBAL at -75°C After all starting material was consumed, TFA was added to induce the PS-
condensation After work-up, the product ratio 1/22 was determined by analytical HPLC ' 6 The 
stereochemistry of the products 1 and 22 was confirmed by NMR techniques at 400 MHz 
(l/22a,c,h, see chapter 8) or X-ray diffraction analysis (22d, see chapter 8) The remaining 
eudistormns l/22e,g have been described elsewhere 5 The yields of 1 and 22 were determined after 
purification by column chromatography 
As indicated in scheme 2 10, the C( 1 )H-C( 13b)H trans diaslereomer 22 is formed predominantly 
in all cases In scheme 2 2 it is shown that diastereoselectivity in the intramolecular PS condensation 
is controlled by the R2 substituents Larger R substituents result in a higher trans 
diastereoselectivity The differences in diastereoselectivity described in scheme 2 10 cannot simply be 
explained by the size of the R2 substituents, as is evident from entry 4 (R2=CHi) where the trans 
diastereomer is formed exclusively Although a methyl group seems small in comparison to an OMTP 
or HNBoc group (entries 2,7 and 8) it exerts the largest steric hindrance ' 7 With C(l) alkoxy groups 
the alkyl group can move in such a position that it exerts minimal stenc hindrance by rotation around 
the C(l)-0 bond When studied in more detail, it is thus the minimum steric hindrance of the 
substituent R2 that will influence the diastereoselectivity With the smallest group, 1 e R2=OH in 
entry 3, indeed the lowest trans selectivity was found By comparing the entries 6 and 8, where the 
N
a
 atom carries a methyl group with the entries 5 and 7 with NH groups it is clear that the hydrogen 
bond between the indole N
a
-proton and the carbonyl oxygen atom of the Boc protected nitrogen on 
C(l) in the C(l)H-C(13b)H trans isomer (vide supra) has no influence on the diastereoselectivity 
18 
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scheme 2.10 
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 The гаію 1а/22н was determined gravimetncally after separation by column chromatography 
was determined after removal of the MTP group by treatment of the crude reaction mixture with 
The ratio lb/22b 
TsOH in McOH 
In entry 9, with R2=HNTFA, no cyclized products were found. Again the TFA protective group 
proved to be unstable during the DIBAL reduction of the methyl ester. Due to the electron 
withdrawing ability of the Boc protecting group (R1 in entry 10) the electron density of the indole 
C(2)-C(3) double bond is not sufficient to give an intramolecular nucleophilic attack on the 
intermediate iminium-ion 2. 
At this stage a few comments should be made concerning the stereochemical integrity of the final 
tetracyclic compounds. Although it is known that of all α-amino aldehydes, cysteinals racemize 
extremely fast,19 in the entries 5-8 no excessive racemization had occurred, as was described in our 
previous study.5,20 No determination of the optical purity was carried out for the entries 1 and 4. For 
entry 2 an e.e. of 45% was found, calculated from the optical rotation of nearly optically pure lc,22c 
described in chapter 3. The e.e.'s of the products obtained in entry 3 wer not determined, but are 
most likely the same as to those found in entry 2. As is described in section 3.4, the optical purity in 
the entries 2 and 3 was mainly lost during both the alkylation under basic conditions of the tryptamine 
fragment with the chloromethyl sulfide, and the DIBAL reduction prior to the cyclization reaction. 
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2.5 Cyclization Reactions by Hydrolysis of Diethyl 
Acetáis 
It is important to study the influence of the temperature on the diastereoselectivity of the 
intramolecular PS condensation These temperature dependent experiments are not possible when the 
aldehydes are generated by DIB AL reduction of methyl esters because the aldehyde must be liberated 
from the initially formed aluminum complex with acid at low temperature, which is immediately 
followed by PS condensation Earlier it was found that the use of acetáis as such was not successful 
in the intramolecular PS condensation toward the natural tetracyclic eudistomins 5 Therefore, we 
turned our attention to the in situ hydrolysis of diethyl acetáis to the more reactive aldehydes 21 The 
condition of choice for cyclization was stirring of the acetáis in the two-phase system 
chloroform/TFA/water (98/1/1, v/v/v) The relatively slow hydrolysis of the acetáis is followed by a 
rapid PS condensation The results are collected in scheme 2 11 Measurement of the product ratios 
and yields were performed as mentioned in the previous section 
The observations presented in scheme 2 11 show large differences in the rate of hydrolysis 
between the different acetáis This was in particular evident in entry 14 where hydrolysis only 
occurred at elevated temperatures due to the presence of the strongly electron-withdrawing NH^+ 
group under these acidic reaction conditions The electron-releasing methyl group in entries 13 and 18 
resulted in a fast hydrolysis even at room temperature 
scheme 2.11 




















entry react time yield ratio 1/22 
11 7 days 71 % 29/71 
12 9 days 48 % 23 / 77 
13 90 min 8 2 % 0/100 
14 after 9 days ± 5% conversion 
15 4 days 45 % 33 / 67 
reflux 
entry react time yield ratio 1/22 
16 8 h 32 % 6/94 
17 8 h 8 3 % 10/90 
18 15 mm 95 % 0/ 100 
19 9 h 44 % 5/95 
20 10 h 6 8 % 10/90 
At reflux temperature the hydrolysis proceeded much faster and higher yields were obtained (with 
the exception of entry 16) The diastereoselectivities at room temperature in entries 11 and 13 were 
similar to those obtained at -75°C (scheme 2 10, entries 4 and 7, respectively), suggesting nc 
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temperature dependence. Due to the low yields obtained in the entries 14, 16 and 19 comparison of 
the diastereomeric ratios with the corresponding data in scheme 2.10 is not justified. 
The results shown in scheme 2.10 and 2.11 indicate that the intramolecular approach 
predominantly leads to the trans diastereomer, in contrast to the intermolecular approach, which gives 
mainly the cis diastereomer as was shown recently by Nakagawa and coworkers.8 This observation 
may be explained by assuming that in the cyclic iminium ion 2, there is no rotational freedom around 
the (R2)C-C(=N+) bond (chart 2.1). In contrast however, with the intermolecular approach, the R2 
substituent in 23 will rotate in such a manner that attack on the side leading to the cis isomer is 
preferred according to Cram's rule.22 It was also described that in the intermolecular approach, the 
carbamate carbonyl group of the protected amines in R of 23 may act as a hydrogen bond acceptor 




 J- N+ 
N ГГ^ OH 
23 R3SCH2 Fl·2 OH 
2.6 Isolation of Pentacyclic Spiro Intermediates 
Under specific reaction conditions the N
a
-methylated derivative 17h (entry 8 in scheme 2.10) 
gave surprising by-products. Besides the expected cis/trans ß-carboline eudistomin derivatives lh 
and 22h, two pentacyclic spiro compounds 24 and 25 were isolated (chart 2.2). These spiro 
compounds were formed by trapping of the tetracyclic spiro intermediates 3 and 5 (scheme 2.2) by 
an intramolecular nucleophilic attack of the Boc protected nitrogen on the electrophilic imino carbon at 
the indole 2-position. In the indole N-methylated spiro intermediates 3 and 5 (scheme 2.2) the 
positive charge in the indole nucleus is retained, in contrast to the unfunctionalized (R'=H) indole 
nitrogen intermediates in which the spiro intermediate will lose this proton to give an uncharged 
species which is much less electrophilic. 
The stereochemistry of these spiro compounds was confirmed by 2D-NMR COSY and NOES Y 
techniques. Immediate neutralization of a sample of the reaction mixture taken at -75°C by filtration 
over sodium bicarbonate and subsequent analysis by reversed phase HPLC showed that only the 
trans spiro compound 25 was formed. A sample taken at -30°C showed the presence of both 24 and 
25. Upon standing at room temperature with 16 equiv. TFA for 15 minutes only the ß-carboline 
eudistomin derivatives lh (cis) and 22h (trans) were present in the ratio as mentioned in entry 8 in 
scheme 2.10. 
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Pentacyclic cis isomer 24 Pentacyclic trans isomer 25 
The isolated cis spiro compound 24 was more sensitive toward acid and was isolated after 
deactivation of the silica used for flash chromatography, by triethylamine Treatment once again of 
the pure spiro compounds 24 or 25 at room temperature with trifluoroacetic acid in dichloromethane 
gave in both cases the diastereomenc eudistomin cis/trans diastereomers lh and 22h in a ratio of 
35/65, in quantitative yields 
This finding strongly suggests that both spiro compounds first rearrange back to the common 
lminium ion 2 and most probably a subsequent direct kinetically controlled attack from the indole 2-
position then leads to ß-carboline formation (see scheme 2 2) A further support for this assumption 
is the observation that treatment of the pure cis or trans eudistomins lh or 22h with 3 equiv 
trifluoroacetic acid in dichloromethane at room temperature for days did not show any cis/trans 
isomeri7ation 24 These results with the Na-methylated substrate 17h are in agreement with the 
suggestion of Nakagawa that, although attack at the indole 3-position is kinetically favored, the 
ultimate ß-carboline formation in the PS condensation is the result of a direct attack at the 2-
position 8 · 2 3 The diastereomenc ratio is only determined during the, kinetically controlled, 
nucleophilic attack of indole moiety on the intermediate cyclic iminium ion in 2 (see scheme 2 2) 
2.7 Conclusion 
In conclusion, the factors which control the diastereoselectivity in the intramolecular Pictet-
Spengler condensation route toward the biological important tetracyclic eudistomin class natural 
compounds are well understood The extent of stenc hindrance exerted by the substituent R (sec 
scheme 2 2) controls the diastereoselectivity The diastereoselectivity is determined during 
nucleophilic attack of the indole 2-position at the iminium-ion carbon This iminium-ion is 
incorporated in a 7-membered ring system, which has two diastereotopic faces due to the presence of 
R2 The desired and naturally occurring C(l)H-C(13b)H cis diastereomer can only result from an 
unfavorable attack at the side hindered by the substituent R As a consequence of this mechanism of 
the ring closure the intramolecular approach will lead to the formation of the unnatural trans isomer 
predominantly 
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2.8 Experimental Section 
Ultraviolet spectra were measured with a Perkin-Elmer spectrometer, model Lambda 5. Protor 
magnetic resonance spectra were measured on a Braker WH-90, Braker AC-100 or a Braker AM 
400 spectrometer. Chemical shift values are reported as δ-values relative to tetramethylsilane as at 
internal standard; deuteriochloroform was used as solvent. Mass spectra were obtained with a doubk 
focussing VG 7070E spectrometer. For the determination of optical rotations a Perkin-Elmer 241 
Polarimeter was used. Melting points were measured with a Reichert Thermopan microscope and arc 
uncorrected. All solvents were commercially obtained and used unpurified unless stated otherwise 
Thin-layer chromatography (TLC) was carried out by using silica gel F-254 plates (thickness 0.2Í 
mm). Spots were visualized with a UV hand lamp, iodine vapor, ninhydrine solution containing '. 
mL acetic acid and 0.3 g ninhydrin in 100 mL n-butanol, or CI2-TDM.25 Column Chromatograph] 
was carried out using silica 60H (Merck). Analytical HPLC analysis was carried out with a LKf 
2150 system equipped with a Waters RCM 8x10, reversed phase C-18 column and a Pye Unican 
LC-UV detector. All compounds described were purified by column chromatography when needec 
and were pure according to TLC, NMR and HPLC (from 17a both at 254 and 280 nm). Also higl 
resolution mass spectra were taken for the compounds 1,22 and 24 as a final proof. The 400 MH; 
NMR data of the newly synthesized eudistomins are collected in the tables 2.1 and 2.2. 
Methyl (J()-2-liydroxy-3-ferr-butyldiphenylsilyloKypropanoate (8). Methyl α,β-isopropylidene D 
glycerate 7 (10 g, 62 mmol) was dissolved in НОАс/НгО=4/| (v/v) (25 mL) and the solution was kept at roon 
temperature for 5 days The solvent was removed under high vacuum to yield 7.S g (100%) methyl D-glycerate as , 
colorless oil; Ή NMR (90 MHz) δ 4 32 (t. IH, J=4.0 Hz, ÇHOH), 4 00-3 83 (m, 4H, 20H and CH7OHì. 3.83 (s 
3H, OCHj) Methyl D-glycerale (1.0 g, 8.3 mmol), rtrí-bulyldiphenylsilyl chloride (2 S g, 9 I mmol), and imidazoli 
(1.7 g, 25 mmol) were dissolved in dry DMF (25 mL) and stirred for 25 h The reaction mixture was concentrated it 
vacuo. The residue was dissolved in EtOAc (50 mL) and subsequently washed with 0.IN HCl and brine. The organi· 
layer was dried (MgSOd) and the solvent was evaporated in vacuo. The residue was subjected to column Chromatograph; 
(chloroform) to give 2 73 g (92%) of 8 as an oil; Rf 0.34 (СНС1з/МеОН=99.5/0.5, ν/ν), Ή NMR (90 MHz) δ 7.78 
7 54 (Μ, 4Η, 2xPhH2), 7.44-7.25 (M, 6H, 2xPhH 3 ), 4.30-4 18 (m, IH, CH), 3 97 and 3 91 (AB part of AB) 
spectrum, 2H, J A B=' 1 -4 Hz. JAX=2.8 Hz and JRX=3.3 HZ. CH2), 3 77 (s. 3H. OCH3). 3 18 (d, IH, J=7.7 Hz, OH) 
1.01 (s, 9H, С(СНз)з). 
Methyl (/t)-3-hydroxy-2-methoxypropanoate (9a). To 8 (2.0 g, 5.6 mmol) in Mel (50 mL) wen 
successively added Ag 20 (2.2 g, 9.5 mmol), molecular sieves ЗА (2 g) and glass beads (2 g) The reaction mixture wa 
healed at reflux for 6h. The reaction mixture was filtered over hyflo and concentrated in vacuo The residue was dissolvei 
in dry THF (25 mL) and tetrabulylammonium fluoride (6 1 mL of a IM solution in THF) was added. After 2h th 
solvent was evaporated in vacuo and the residue was subjected to column chromatography (МеОН/СНС1з=3/97, v/v) ti 
yield 560 mg (75%) of 9a as an oil; Rf 0.49 (MeOH/CHCl3=l/9, v/v); a " =+67.4 (c=2 70, MeOH); CIMS(70eV; 
m/z (relative intensity) 135 ([M+l] + . 7). 104 ([M-OCH2]+, 36), 75 ([С3Н7О2Г, 100) . · Η NMR (90 MHz) δ 3 98 
3 78 (m. ЗН, СН2СН), 3.78 (s, ЗН, СООСНз), 3 50 (s, ЗН, ОСНз). 2 73 (br s, IH, ОН). 
Methyl (Jt)-3-hydroxy-2-(4-methoxy-tetrahydropyranyl-4-oxy)propanoate (9b). То 8 (2 6 g. 7. 
mmol) and 5,6-dihydro-4-melhoxy-2//-pyran ( 1.7 g, 2eq.) in THF (25 mL) was added a catalytic amount TsOH'H20 (2' 
mg). After 2h. the reaction mixture was diluted with EtOAc (50 mL) and washed with 2 portions sat NaHCOs/bnn 
= 1/1, v/v (25 mL). The organic layer was dried (MgS04) and concentrated in vacuo. The residue was dissolved m TH1 
(50 mL) and tetrabulylammonium fluoride (8 mL of a ΙM solution in THF) was added After completion of the reactio 
(2 h ), which was monitored by TLC (ElOAc/hexanes= 1/2, v/v), the reaction mixture was concentrated in vacuo an 
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subjected lo column chromatography (МсОН/СНС1з=3/97, v/v) to yield 1 64 g (96%) of 9Ь as an oil, R| 0 26 
(McOH/CHCI3=3/97, v/v), a 2 /=+44 9 (c=4 52, MeOH), CIMS(70eV), m/z (relative intensity) 235 ([M+l]+,l), 
203([М-ОСНз)+, 53), 115((С 6 Нц02] + , 100), Ή NMR (90 MHz) δ 4 42 (t, IH, J=4 8 Η/, CH), 4 04-3 46 (m, 6H, 
CH2 and -CH2OCH2-). 3 76 (s, ЗН, COOCH3), 3 25(s, ЗН, ОСН3), 2 48 (br t, IH, OH), 1 93-1 75 (m, 4H, 
-CH2CCH2-) 
N-(feri-butyloxycarbonyl)-D-serinal diethyl acelal (9k) To a stirred and cooled (-75°C) solution of 
13k 'c (5 9 g, 17 7 mmol) in freshly distilled dichloromcthane (50 mL) under an argon atmosphere, DIBAL (25 mL of 
a IM solution in dichloromelhane) was added at such rate that the temperature remained below -70°C The reaction 
mixture was stirred for I h at -75°C and subsequently quenched with an aqeous solution of citric acid (50 mL of a 20% 
solution) After allowing the resulting suspension to warm up to room temperature the organic layer was washed with 
2 portions of water and neutralized with sat NaHC0 3 and washed with brine After drying (MgSÜ4) the solvent was 
evaporated in vacuo and the residue was dissolved in dry ethanol (lOOmL) to which methyl orthoformaie (10 mL) and 
tnfluoroacetic acid (0 5 mL) were added After standing over night at room temperature 20 mL sal NaHC03 was added 
and the volailles were evaporated in vacuo The residue was dissolved in ElOAt and subsequently washed with bnnc and 
dried (MgS04) The solvent was evaporated m vacuo and the residue was dissolved in THF (50 mL) To the resulting 
solution BU4NF (18 mL of a IM solution in THF) was added After stirring for 3 h the reaction mixture was diluted 
with EtOAc and washed with 3 portions of water, brine and dried (MgS04) After evaporation of the solvent in vacuo 
the residue was subjected to column chromatography (FtOAc/hexanes=l/l, v/v) to give 3 63 g (78%) of 9k as an oil, 
Rf=0 27 (ElOAc/hexanes=l/l, v/v), · Η NMR (90 MHz) δ 5 20 (br d, IH, J=7 5 Hz, NH), 4 57 (d, IH J=2 8 Hz, 
CH(OEt)2), 4 08-3 36 (m, 7H, 2хО£ЩСН 3 and CH2CH), 2 78 (very br s, IH, OH), 1 44 (s, 9H, C(CH3)3), 1 20 (t, 
6H, J=7 0 Hz, 2хОСН2£Щ) 
N-(Allyloxycarbonyl)-D-strinal diethyl acetal (91) The same procedure was followed as described for 9k 
using 131 (8 7 g, 27 4 mmol), DIBAL (55 mL of a IM solution in dichloromcthane) and BU4NF (25 mL of a IM 
solution in THF) Work-up gave 5 6 g of a residue which was subjected to column chromatography 
(ElOAc/hexanes=l/4, v/v), followed by MeOH/CHCI3=3/7, v/v) to give 3 0 g (44%) 91 as an oil, Rr=0 46 
(ElOAc/hexancs=l/l), CIMS(70eV), m/z (relative intensity) 202 ([M C 2 H 5 0 ] + . 30). 103 ((CH(C2H50)2]+, 100), Ή 
NMR (90 MHz) δ 6 16-5 74 (m. IH, CH?=CH CH 2). 5 48-5 15 (m, ЗН. СЫ2=СН-СН2 and NH), 4 60 4 52 (m, ЗН, 
CH2=CH-CH2 and CH(OEl)2). 4 04 3 40 (m. 7H. СН2СН and 2хОСН2СН3), 2 61 (br s, IH. OH). I 20 (ι, 6H. 
j=6 9 Hz, гхоснгСЩ) 
D-serinal diethyl acetal (9n) To 9p (3 5 g, 118 mmol) m McOH (40 mL) was added a catalytic amount 
Pd(C) (10%) and Ihe resulting mixture was shaken vigorously in a hydrogen atmosphere for 3 h The formed CO2 was 
trapped by a 2M NaOH solution After filtration of the reaction mixture over Hyflo the solvent was evaporated in vacuo 
to give 1 91 g (99%) of 9n as a colorless oil, CIMS(70eV), m/z (relative intensity) 164 ([M+l]+, 20), 118 ([M-
C 2 H 5 0 ] + , 60), 103 ([CH(C 2H 50)2]+, 100), Ή NMR (90 MHz) δ 4 31 (d, IH, J=5 7 Hz, CH(Obt)2). 3 86-3 30 (m, 
6H, CH2CH and 2хОШгСН 3 ), 2 87 (q, IH, J=5 2 Hz, CH7CH). 2 16 (br s, ЗН OH and NH2), 1 14 (t, 6H, J=fi 9 
Hz, гхоснгСЫд) 
N-(Trifluoroacetyl)-D-serinal diethyl acetal (9o) To 9n (191 g. Il 7 mmol) and diisopropylethylaminc 
(2 3 g, 17 8 mmol) in THF (50 mL) at 0°C was added tnfluoroacetic anhydride (7 4 g, 35 2 mmol) over a period of 10 
mm After stirring for ±15 mm another portion dnsopropylelhylamine (3 0 g, 23 2 mmol) was added together with 
MeOH (10 mL) The reaction mixture was diluted with htOAc (50 mL) and extracted with 3 portions 0 IN HCl The 
organic layer was neutralized with sat NaHC03 and washed with bnnc and dried (MgS04) The solvent was evaporated 
in vacuo to give 2 2 g (73%) of 9o which was homogeneous according to TLC, Rf 0 25 (ElOAc/hexanes=l/l, v/v), 
Op2 =+14 5 (c=3 30, MeOH), CIMS(70eV), ml/ (relative intensity) 214 ([M C 2 H<0] + , 44), 103 (ІСН(С2Н50)2І+, 
100), l H NMR (90 MHz) δ 7 00 (very br s, IH, NH), 4 66 (d IH, J=3 0 Hz, CH(OEt)2), 4 17-3 42 (m 7H, CH2CH 
and 2ХОСЫ2СН3), 2 64 (very br s, 1H. OH), 1 24 (dl, 6H, J=2 1 Hz and J=6 9 Hz) 
N-(Benzyloxycarbonyl)-D-serinal diethyl acetal (9p) The same procedure was followed as described for 
9k using 13p (16 5 g, 45 0 mmol), DIBAL (55 mL of a IM solution in dichloromelhane) Work-up gave a mixture of 
compounds ( as was monitored by TLC (EtOAc/hcxancs=l/2 v/v)) which were separated by column chromatography 
(ElOAc/hexancs=l/4, v/v) to give 3 61 g (22%) of the starling compound 13p (R| 0,51). I 17 g (8%) aldehyde (Rf 
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0 40) and 5.99 g (32%) of the silyl proceded acetal (Rf 0 59) Treatment of the acetal with B114NF (15 mL of a 1M 
solution in THF) gave after column chromatography (МеОН/СН2СІ2=3/97, v/v) 3 23 g (75%) of 9p as a colorless oil, 
Rf 0 39 (McOH/CHCI3=3/97, v/v), a^ 2 =+7.1 (c=1.55, MeOH), ClMS(70eV), m/z (relative intensity) 299 ( |M+I] + , 
0.1). 252 ([M-C 2 H 5 0) + , 2), 103 ÜCH(C2H50)2]+ , 100), 91 ([C7H7]+ , 83), Ή NMR (90 MHz) δ 7.32 (s, 5Η, 
С 6 Н 5 ) , 5.46 (tv d, IH, J=6.2 Hz, NH), 5 09 (s, 2H, CH2Ph), 4.56 (d, IH, J=2.9 Hz, CH(OEl)2), 4 02-3.31 (m, 7H, 
HOCH2CH and 2XOCH2CH3). 2.72 (br d, IH, J=8.0 Hz, OH), 1.17 (dt, 6H. J=1.2 Hz and J=6 9 Hz. 2хОСН2£Щ). 
Synthesis of tosvlates 10: 
Methyl (5)-2-methoxy-3-(p-tolylsulfonyloxy)propanoate (10a). To freshly distilled pyridine (10 mL) 
was added 9a (0.52 g, 3 9 mmol) and tosyl chloride (0.82 g, 4.3 mmol) and the resulting solution was kept over night 
at 4°C The volatiles were evaporated at 0°C at high vacuum. Il is essential to keep the reaction mixture at low 
temperatures in order to avoid undesircd ß-ehminalion and/or racemization The residue was dissolved in EtOAc and 
subsequently washed with 0.1N HCl, sat. NaHC03 and bnne. The organic layer was dried (MgS04) and concentrated in 
vacuo The residue was subjected to column chromatography (dichloromelhane) to yield 820 mg (73%) of 10a as a 
colorless oil, Rr 0.55 (MeOH/CHCl3=3/97, v/v), a2,2 =+22.0 (c=2 32, MeOH), CIMS(70eV), m/z (relative intensity) 
289 ([M+l]+,7), 229 ([M-C2H302]+ , 100), 155 (IC7H7S03]+ , 59); Ή NMR (90 MHz) δ 7 78 and 7.36 (AB, 4H, 
J A B = 8 4 Hz, C 6 H 4 ) , 4 32 and 4.22 ( AB part of ABM spectrum, 2H, J A B=103 Hz, J A M = 4 . 1 HZ and J B M = ° 0 Hz, 
OCH2CH). 4 01 (M part of ABM spectrum, IH, OCH2CH). 3.72 (s, 3H, C0 2 CH 3 ) , 3.39 (s, 3H, OCH3), 2 44 (s, 
3H, р-С6Н4-СН2 ) 
Methyl (S)-2-(4-methoxytetrahydropyraoyl-4-oxy)-3-(/?-tolylsulfonyloxy)propanoate (10b). 
The same procedure as described for 10a was followed using 9b (1.35 g, 5.8 mmol) and tosyl chloride (I 23 g, 6.4 
mmol) Purification by column chromatography (MeOH/CHCI3=2/98, v/v) gave 1 72 g (77%) of 10b as an oil, Rf 
0 56 (McOH/CHCI3=3/97, v/v); a2,2 =+19.3 (c=2 18, MeOH), CIMS(70eV), m/z (relative intensity) 389 (|M+I]+,1), 
155 ([C 7 H 7 S0 3 1 + , 57), 1І5([С6НцО2]+,100), Ή NMR (90 MHz) δ 7 80 and 7 37 (AB. 2H. J=8.1 Hz. С 6 Н 4 ) . 4.53 
(t, IH, J=5.3 Hz. ОСН2СЛ), 4 20 (d, 2H, J=5.3 Hz, ОСЛ2СН), 3 86-3 41 (m, 4H, - C H 2 O C H 2 ) , 3 69 (s. ЗН, 
СООСН3). 3.18 (s. ЗН. ОСН3). 2 45 (s, ЗН, ρ- С 6 Н 4 С Щ ). I 81-1 67 (m, 4H, -CH2CCH2-). 
Methyl (5)-2-methyl-3-(p-lolylsulfonyloxy)propanoate (lOd). The same procedure as described for 
10a was followed using (R)-mclhyl-3-hydroxy-2-melhylpropionatc (2.5 g, 21 mmol) and tosyl chloride (4 40 g, 1 1 
eq.). Purification by column chromatography (EtOAc/hexanes=35/65, v/v) gave 5 1 g (89%) of lOd as an oil, Rf 0 25 
(ElOAc/hexanes=l/4, v/v); CIMS(70cV), m/z (relative intensity) 273 ([M+l]+,63%), 155 ( [ C 7 H 7 S 0 3 ] + . 46), 117 
([M-C 7 H 7 S0 3 1 + , 46), 91 ([C7H7]+,57), 69(100); Ή NMR (90 MHz) δ 7 82 and 7 38 (AB, 4H, J=8 4 Hz, C 6 H 4 ) , 
4 33-3 99 (m, 2H. СИгСН), 3 67 (s. ЗН, COOCH3), 3 02-2.64 (m. IH, СНгСНСНэ). 2.45 (s, ЗН, ρ- С 6 Н 4 С Щ ), 
1 20 (d. ЗН. J=7 0 Hz. CHCH3V 
Methyl (5)-3-(p-lolylsulfonyloxy)-2-(trinuoroacetylamino)propanoate (10¡). The same procedure 
as described for 10a was followed using 9i (3,72 g, 18,7 mmol) and tosyl chloride (5,60 g, 29,5 mmol). Purification 
by column chromatography (EtOAc/hexancs=20/80, v/v) gave 85 g (78%) of lOi as a while solid . Rf 0 34 
(EtOAc/hexancs=l/2, v/v). Op =-7 3 (c=4.80, MeOH), · Η NMR (90 MHz) δ 7 78 and 7 37 (AB, 4H, J A B = » 0 Hz, 
C 6 H 4 ), 7 5-7 2 (br d, IH, NH). 4.86-6 67 (m, IH, СНгСШ. 4 47 and 4 36 (AB part of ABX spectrum, 2H, JAB=I0.9 
Hz, JAX=2.5 HZ and J B x=2 8 Hz. CH2CH), 3 80 (s, 3H, OCH3), 2 45 (s. 2H. CH2Ph). 
N-(íerr-Butyloxycarbonyl)-0-(j»-tolylsulfonyloxy)-i)-serinal diethyl acetal (10k) The same 
procedure was followed as described for 10a. with the exception thai the pyridine is removed at room temperature 
because the acetal is much less susceptible toward élimination and/or racemization than the corresponding methyl ester. 
9k (3 5 g, 13 3 mmol) and tosyl chloride (2 54 g, 13.3 mmol) gave after column chromatography 
(EtOAc/hexanes=l/2. v/v) 1 32 g (52%) regained tosyl chloride and 2 35 g (42%) of 10k as an oil; RfO 46 
(EtOAc/hexanes=l/3, v/v), Ή NMR (90 MHz) δ 7.79 and 7 34 (AB, 4H, JAB=8 0 Hz, C 6 H 4 ), 4 80 (br d, IH, J=7 6 
Hz, NH), 4 48 (d, IH, J=4.0 Hz. CII(OEl)2). 4 15-3 28 (m. 7H, OCH2CH and 2xOCÜ2CH3), 2 43 (s, 3H, H3CPh), 
I 40 (s, 9H, С(СН3)з), 1.13 (l, 6H, J=7 0 Hz. гхОСНгСЩ) 
N-all)loxycarbonyl-0-(p-tolylsulfonyloxy)-i>-serinal diethyl acetal (101). The same procedure was 
followed as described for 10k using 91 (3 0 g, 12.1 mmol) and tosyl chloride (2 4 g, 12.2 mmol) Purification by 
column chromatography (EtOAc/hexancs=l/3. v/v) gave 4.0 g (82%) of 101 as an oil; Rf 0 62 (EtOAc/hexanes=l/2, 
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v/v); CIMS(70eV), m/z (relative intensity) 356.9 ([М+-С 2Н 50]+, 0.1), 213 (7), 155 (62), 103 ([СН(С 2 Н 5 0) 2 ] + , 4), 
91 ([С 7 Н 7 ] + , 100); 1Н NMR (90 MHz) δ 7.80 and 7.35 (AB, 4H, J A B =8.0 Hz, C 6 H 4 ), 6.13-5 71(m, IH, H2C=CH-
СН 2), 5 38-5 13 (m, 2Н, Б.2С=СН-СН2), 5 04 (or d, IH, J=7.0 H?, NH), 4 56-4 49 (m, ЗН, Н 2 С=СН-СЛ 2 and 
CH(OEth), 4 24-3.85 (m, ЗН, CH2CH), 3.79-3.35 (m, 4Н, 2хОСН2СНз). 2 44 (s, ЗН, H3CPh), 1 14 (t, 6Н, J=6.6 
Hz, 2хОСН2СНд). 
(S)-2-methyl-3-(p-tolylsulfonyloxy)-propanal diethyl acetal (10m). For transformation of the 
methyl ester into the diethyl acetal the same procedure was followed as for 9k using lOd (3.4 g, 12.5 mmol), DIB AL 
(21 mL of a IM solution in dichloromethane), tricthyl orthoformate (10 mL), EtOH (100 mL) and TFA (0.5 mL) 
Purification by column chromatography (EtOAc/hexanes=l/2, v/v) gave 1.55 g (39%) of 10m as an oil, Rf 0,44 
(EtOAc/hexanes=l/2, v/v); CIMS(70eV), m/z (relative intensity) 316 ([M]+,0.3)
v
 173 (100), 103 ([CH(C 2H 50) 2]+, 7), 
91 ( [ C 7 H 7 ] + . 50), [ H NMR (90 MHz) δ 7.81 and 7.34 (AB, 4H, JAß=8.4 Hz, C6H4), 4.32 (d, IH, J=5.9 Hz, 
CH(OEt)2), 4 05 and 3.97 (AB part of ABX spectrum, 2H, JAB=9.5 Hz, JAX=4 9 Hz and JflX=6.1 Hz, )CH2CH). 3.75-
3.24 (m, 4H, ОСН2СНз). 2.46 (s, ЗН, H3CPh), 2.21-1.95 (m, IH, CH2£HCH), 1.14 (dl, 6H, J=2.3 Hz and J=7 0 
Hz, гхОСНгСЩ), 0.96 (d, ЗН, 1=6 9 Hz, СНЩ3) and 750 mg (22%) starting compound. 
0-(p-tolylsulfonyloxy)-N-(trifluoroacetyl)-D-serinal diethyl acetal (lOo). The same procedure was 
followed as described for 10a using 9o (2.2 g, 8.5 mmol) and tosyl chloride (1 65 g, 8.6 mmol) Purification by 
column chromatography (EtOAc/hcxanes=l/2, v/v) gave 330 mg (20%) of recovered tosyl chloride, 250 mg (11%) of 
recovered 9o and 2 1 g (58%) of lOo as an oil, Rf 0.47 (ElOAc/hcxancs=l/I, v/v), CIMS(70eV), m/z (relative 
intensity) 368 ([M-C2H50]+, 14), 196 (62), 103 ([CH(C 2H 50) 2]+. 100), 91 ([C7H7]+, 27); Ή NMR (90 MHz) δ 
7.78 and 7.35 (AB, 4H, J A B = 8 1 Hz, C 6 H 4 ), 6.62 (br d, IH, J=4 0 Hz, NH), 4.60 (d, IH, J=3.9 Hz, CH(OEt)2), 4.39-
4.00 (m, 2H, ОСЩСН). 3.86-3 29 (m, 5H, CH2£H and 2xO£H.2CH3), 2 44 (s, ЗН, H3CPh), 1.16 (1, 6Н, J=6 9 Hz, 
гхОСНгШ^) 
Synthesis of thioacetates 11: 
Methyl (5)-3-acctylthio-2-methoxypropanoate (11a). To DMF 2 6 (10 mL) was successively added 
Cs2CC>3 (630 mg, 2 0 mmol) and thioacetic acid (280 mg, 3.7 mmol). The suspension was stirred in the darkness until 
all Cs2C03 had dissolved. To this solution tosylale 10a (800 mg, 2.8 mmol), dissolved in DMF (2 mL), was added 
and the reaction mixture was allowed to stand over night at room temperature in the dark. The solvent of the resulting 
yellowish solution was removed іл vacuo. The residue was dissolved in ElOAc (20 mL) and subsequently washed with 
0.IN HCl and hnnc. The organic layer was dried (MgS04) and concentrated in vacuo. The residue was subjected to 
column chromatography (dichloromethane) to yield 440 mg (81%) of thioacetate H a as a yellowish oil; Rf 0 28 
(McOH/CHCl3=3/97, v/v), а^ 2=+6.0 (c=1.5, MeOH); Ή NMR (90 MHz) δ 3.93 (Χ part of ABX spectrum, IH, 
СН 2 £Н), 3 78 (s, ЗН, СООСНз), 3.36 and 3.22 (AB part of ABX spectrum, 2H, J A x=4.5 Hz, J B X = 7 . 3 HZ and 
J A B = I 3 9 Hz, CH2CH). 3 43 (s, ЗН, OCH3), 2.35 (s, ЗН, SCOCH3) 
Methyl (S)-3-acetylthio-2-(4-iriethoxytetrahydropyranyl-4-oxy)propanoate ( l i b ) . The same 
procedure was followed as described for 11a using C s 2 C 0 3 (1.0 g, 3 1 mmol), thioacetic acid (440 mg, 5 8 mmol) and 
10b (1.72 g, 4.43 mmol). Purification by column chromatography (МеОН/СНС1з=3/97, v/v) gave 1 02 g (79%) of 
l i b as a yellowish oil; Rf 0.39 (MeOH/CHCI3=3/97, v/v), a2,2 =-14 0 (c=2 5, MeOH), CIMS(70eV), m/z (relative 
intensity) 293 ([М+П+, 4), 161 ( [ C 6 H 9 0 3 S ] + , 91), 115([C6H] i 0 2 ] + , 100), Ή NMR (90 MHz) δ 4.39 (t, IH, 
CH 2 CH), 3 87-3.48 (m, 4H, -CH 2OCH 2-), 3.74 (s, ЗН, СООСН3), 3.27-3.18 (m, 2Н, СН 2СН). 3 23 (s, ЗН, 
ОСНз), 2 34 (s, ЗН, SCOCH3), 1 91-1.73 (m, 4Н, -СН2ССН2-) 
Methyl (S)-3-acetylthio-2-methylpropanoate (l id). The same procedure was followed as described for 
H a using Cs2CÛ3 (4.13 g, 0.7 eq ), thioacetic acid (2.08 g, 1.5 eq.) and lOd (5 10 g, 18 3 mmol). Purification by 
column chromatography (hcxancs/CHCl3=l5/85. v/v) gave 1.74 g (54%26) of thioacetate Sc, Rf 0.41 (CHCI3), Ή 
NMR (90 MHz) δ 3.71 (s, ЗН, СООСНз), 312 and 3.05 (AB part of ABX spectrum, 2H, JAX=7.8 Hz, JflX=3 5 Hz 
and J A B = 1 3 5 Hz, CH2CH). 2 89-2.51 (m, IH, CH2CH). 2.32 (s, 3H, SCOCH3), 1 23 (d, 3H, J=7.0 Hz, CHCH¿) 
Methyl (2S)-3-acetylthio-2-(trifluoroacttylamino)propanoate (Hi). The same procedure was followed 
as described for 11a using CS2CO3 (4.94 g, 15 2 mmol), thioacetic acid (2.14 g. 28.2 mmol) and lOi (8.0 g, 21.7 
mmol). Purification by column chromatography (EtOAc/hcxanes=l/3, v/v) gave 4.53 g (76%) of Hi as a colorless oil, 
Rf 0 42 (EtOAc/hexanes= 1 /2, v/v), ctj2 =+120 (c=4.25, MeOH); · H NMR (90 MHz) δ 7 28 (br d, 1 Η, NH), 4 91 -4 65 
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(m, IH, СНгСИ), 3.85 (s, 3H, OCH3), 3 47 and 3.40 (AB part of ABX spectrum, 2H, JAB=14.6 HZ, JAX=4 0 Hz and 
JB X=6.5 Hz, CÜ2CH)· 2 · 4 0 <s· 3 H- SCOCH3). 
S-acetyl-N-(/er/-butyloxycarbonyl)-D-cysteinal diethyl acetal (Ilk). The same procedure was 
followed as described for 11a using 10k (2.3S g, S.6 mmol), CS2CO3 (1 28 g, 3 9 mmol) and ihìoacetic acid (560 
mg, 7.4 mmol) Purification by column chromatography (EtOAc/hexanes=l/4, v/v) gave 1.25 g (70%) of Ilk as a 
yellowish oil; Rf 0.32 (ElOAc/hexanes=l/3, ν/ν), α^2 =+67 0 (c=6.10, MeOH); CIMS(70eV), m/z (relative intensity) 
322 ([M+l]+, I), 276 ([M-C 2 H 5 0] + , 12). 220 (39), 103 ((CH(C2H50)2]+, 100), 57 ([C4H9]+, 20); Ή NMR (90 
MHz) δ 4.82 (br d. IH. J=9.0 Hz, NH), 4.43 (d. IH, J=3.5 Hz, CH(OEl)2), 4.02-3.38 (m, 5H. CH2ÇJi and 
2ХОШ2СН3), 3.19 and 3.02 (AB part of ABX spectrum, J A B = I 3 8 HZ, JAX=6.1 HZ and J B X = 7 3 HZ, СИ2СН), 2.32 
(s, 3H, SCOCH3). 1.42 (s, 9H, С(СНз)з), 1.20 (l, 6H. J=7.0 Hz, 2хОСН2£Из_). 
S-acetyl-N-(allyloxycarbonyl)-/)>cysteinal diethyl acetal (HI) The same procedure was followed as 
described for 11a using 101 (3.9 g, 9 7 mmol), CS2CO3 (2.22 g, 6.8 mmol) and thioacetic acid (1.03 g, 13.5 mmol). 
Purification by column chromatography (EtOAc/hexanes=l/3, v/v) gave 2.18 g (74%) of HI as a yellowish oil; Rf 
0 35 (ElOAc/hexanes=l/3, v/v); a2)2 =+75.8 (c=2.40, MeOH); CIMS(70eV), m/z (relative intensity) 306 ([M+l]+, 
0.2), 260 ([M-C2H50]+, 45), 184 (49), 103 ([СН(С 2 Н 5 0) 2 ] + , 100); · Η NMR (90 MHz) δ 6.17-5.74 (m, IH, 
СН2=Ш-СН2), 5 40-5 04 (m, ЗН, £Н.2=СН-СН2 and NH), 4.58 (br d, 2H, J=5.1 Hz, CH2=CH-CÜ2). 4 46 (d, IH, 
J=3 1Hz, CH(OEl)2), 4.09-3.44 (m, 5H, CH2CH and 2xOCÜ2CH3), 3.21 and 3.04 (AB part of ABX spectrum, 2H, 
JAB=14.3 H/., JAX=3.9 Hz and JBx=10.3 Hz), 2.33 (s, "Ш, COCH3), 1.21 (l, 6H, J=6.8 Hz, 2ХОСН2СЩ) 
(R)-3-acet)lthio-2-methyl-propanal diethyl acetal (11m). The same procedure was followed as 
described for 11a using 10m (1.55 g, 4.9 mmol), Cs2C03 (1.12 g, 3.4 mmol) and thioacetic acid (560 mg, 7.4 
mmol). Purification by column chromatography (EtOAc/hexanes=l/3, v/v) gave 595 mg (55%) of 11m as a yellowish 
oil; Rf 0.15 (hexanes/CH2Cl2=l/4, v/v); CIMS(70eV), m/z (relative intensity) 175 ([M-C 2H 50]+, 0 2), 103 
([CH(C 2H 50) 2]+, 6), 41 ((C 3 H 5 ] + , 100); Ή NMR (90 MHz) 6 4.27 (d, IH, J=5 8 Hz, CH(OEl)2), 3 89-3.32 (m, 
4H, 2хО£Ц.2СНз), 3.10 and 2 80 (AB part of ABX spectrum, 2H, J A B =13 8 Hz, JAX=6.8 HZ and Jn,X=6 6 Hz, 
SCHACH), 2 29 (s, 3H, H3CCOS). 2 14-1.87 (m. IH, СН 2Ш). 1.18 (I, 6H, J=7.1 Hz, гхОСНгСЩ). 0 98 (d, ЗН, 
J=6.7 Hz, СНСЩ) 
S-acetyl-N-trifluoroacetybD-cysteinal diethyl acetal (Ho). The same procedure was followed as 
described for Ha using lOo (2.05 g, 5.0 mmol), Cs2CC>3 (1.13 g, 3.5 mmol) and thioacetic acid (490 mg, 6.4 
mmol). Purification by column chromatography (EtOAc/hexanes=l/3, v/v) gave 1.39 g (88%) of H o as an oil; Rf 
0.49 (EtOAc/hexanes=l/2, v/v), a 2 2 =+29.0 (c=2 45, MeOH); CIMS(70eV), m/z (relative intensity) 318 ((M+l]+, 
0 5), 272 ([M-C2H50]+, 96), 196(77), 103 ([CH(C2H50)2]+, 100), ] H NMR (90 MHz) δ 6.72 (very br d, 1H,J=8 0 
Hz, NH), 4 51 (d, IH, J=3.2 Hz, CH(OEt)2), 4.20 (dq, IH, J=2.9 Hz and J=7.5 Hz, СН2С_Н). 3.95-3.36 (m, 4H, 
2хО£ШСНз), 3.19 (d, 2Н. J=7 0 Hz, CHICHI. 2 34 (s, ЗН, СН3), 1.22 (dl, 6H, J=1.7 Hz and J=6.9 Hz. 
гхоенгОЩ). 
Synthesis of chloromethyl sulfides 12. 
Methyl (5)-3-chloromethylthio-2-metboxy-propanoate (12a). To dry MeOH (10 mL) sodium (52 mg, 
2.3 mmol) was added. This NaOMe solution was added dropwisc to a stirred solution of thioacctatc 11a (440 mg, 2 3 
mmol) in dry MeOH (5 mL) under an argon atmosphere. After stirring for 15 minutes, sal. NH4CI (10 mL) was added 
and the volailles were evaporated in vacuo. The residue was dissolved in EtOAc (25 mL) and washed with said NH4CI 
The organic layer was dried (MgS04) and concentrated in vacuo to yield 336 mg (98%) of the crude thiol, Rf 0 53 
(EtOAc/hexanes=l/l, v/v); Ή NMR (90 MHz) δ 3.60 (t, IH, J=5.2 Hz + fine splitting <1 Hz, SCÜCH2). 3.46 (s, 
ЗН, СООСНз), 3 14 (s, ЗН, ОСНз), 2.71-2 56 (m, 2Н, SCHQH^). 1 64 (t, IH, J=8.2 Hz + fine splitting <lHz, SH) 
The crude thiol was dissolved in BrCH2Cl (50 mL) To this solution tnethylbenzylammonium chloride (TEBAC) (52 
mg, 0 23 mmol) and powdered КОН (192 mg, 3 4 mmol) were added. The suspension was stirred vigorously for 30 
mm The reaction mixture was subsequently washed with NH4CI (20 mass%) and brine The organic layer was dned 
(Na2SÛ4) and concentrated m vacuo to yield 350 mg (77%) of the chloromethyl sulfide 12a as a yellow oil which was 
not further purified Although most chloromethyl sulfides were obtained pure according to TLC. purification by column 
chromatography is not possible due the lability of chloromethyl sulfides; Rf 0.53 (EtOAc/hexanes=l/l, v/v); Ή NMR 
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(90 MHz) δ 4 80 ( s, 2H, SCH2C1), 4 07 (t, IH, J=5 5 H/, S£HCH2 ), 3 76 (s, 3H, COOCH3), 3 44 (s, 3H. OCH3) 
3 10-3 00 (m, 2H, SCHCH7) 
Methyl (S)-3-(chloromethylthio)-2--(4-methoxytetrahydropyranyl-4-oxy)propanoate (12b). The 
same procedure was followed as described for 12a using dry MeOH (25 mL), sodium (102 mg, 4 43 mmol) and l ib 
[1 30 g, 4 45 mmol) to give after work-up 1 12 g of the crude thiol, Rf 0 54 (МеОН/СНСІз=Э/97, v/v) The crude 
thiol, BrCH2CI (40 mL), TEBAC (101 mg , 0 44 mmol) and powdered KOH (374 mg, 6 70) mmol) gave 1 32 g 
(99%) crude chloromethyl sulfide 12b, Rf 0 68 (MeOH/CHCl3=3/97, v/v), CIMS(70eV), m/z (relative intensity) 298 
([M]+, 0 1), 183 ([C
s
H603SCl+2]+,3), 181 ([C5H603SCl]+,9), 115([C6Hi iO2]+,100), >H NMR (90 MHz) δ 4 97-
4 65 (AB pattern, 2H, SCH2C1), 4 58 (t, IH, J=5 7 Hz, CH?CH). 3 92-3 45 (m, 4H. -CH2OCH2-), 3 76 (s, ЗН 
СООСН3),3 24 (s, ЗН, ОСН3), 3 09 (d, 2Н, J=5 7 Hz, Ш2СН), 1 92-1 74 (m, 4H, -CH2CCH2 ) 
Methyl (5)-3-(chloromethylthio)-2-methylpropanoate (12d). The same procedure as described for 12a 
was followed using l i d (1 7 g, 9 7 mmol) and sodium (223 mg, 1 eq ) to give after work-up the corresponding thiol 
'not weighed), Ή NMR (90 MHz) δ 3 73 (ь, ЗН, СООСН3), 2 93-2 53 (m, ЗН, СНСН2), 1 60-1 18 (m, 4Н, 
СНСН3 and SH), This crude thiol together with BrCH2Cl (100 mL), TEBAC 313 mg (0 1 eq ) and powdered KOH 
(815 mg, 1 5 eq ) gave 1 26 g of 12d (71% overall from Sc), CIMS(70eV), m/z (relative intensity) 147 ([M-C11+, 
100). 101 ([C5H 9 0 2 ] + , 29), · Η NMR (90 MHz) δ 4 75 (s, 2Η, SCH2C1). 3 73 (s, ЗН, COOCH3), 3 22-2 63 (m, ЗН 
СНСН2), 1 29 (d, ЗН, J=6 2 Hz, ССН3) 
Methyl S-(chloromethyl)-/V-(trifluoroacetyl)-D-cysteinate (12i) The same procedure was followed as 
described for 12a using sodium (355 mg, 15 4 mmol) and Hi (4 21 g, 15 4 mmol) to give after work-up 3 23 g 
(91%) of the crude thiol, Ή NMR (90 MHz) δ 7 27 (very br s, IH, NH), 4 98-4 80 (m, IH, CH7CH). 3 84 (s, ЗН 
0CH3), 3 15-3 01 (m. 2Н, Ш 2 СН), 1 39 (t, IH, J=9 1 Hz, SH) The crude thiol together with TEBAC (318 nig, 
1 40 mmol), BrCH2Cl (140 mL) and powdered KOH (1 17 g, 20 9 mmol) gave 2 47 g (63%) of chloromethyl sulfide 
12i, Ή NMR (90 MHz) δ 7 25 (very br s, IH, NH), 5 02-4 82 (m, IH, СН2£Н), 4 68 (d, 2H, J=l 2 Hz, OCH2S), 
3 85 (s, 3H, OCH3), 3 34 and 3 26 (AB part of ABX spectrum. 2H, JAB=14 7 Hz, JAX=4 3 Hz and JBx=5 1 Hz, 
Щ2СН) 
N-(íerí-butyloxy)carbonyl)-S-(chloromethyl)-D-cysteinal diethyl acetal (12k) The same procedure 
was followed as tor 12a using Ilk (1 35 g, 4 2 mmol) and Na (97 mg, 4 2 mmol) to give after work-up 1 14 g (97%) 
of the crude thiol, Ή NMR (90 MHz) δ 4 90 (br d, IH, J=8 0 Hz, NH), 4 58 (d, IH, J=3 5 Hz, CH(OEt)2), 3 97-3 37 
(m, 5H, CH2C_H_ and 2хОСЛ2СН3), 2 81-2 65 (m, 2H, СЩСН), 1 44 (t, IH, J=8 7 Hz, SH), 1 44 (s, 9H, 
С(СНз)з), 1 20 (t, 6H, J=6 8 Hz, ОСН2СЛз_) This crude thiol together with BrCH2Cl (50 ml), TEBAC (95 mg , 
3 42 mmol) and powdered KOH (235 mg, 4 2 mmol) gave 1 3 g (94%) of the chloromethyl sulfide 12b as a yellow 
oil, Ή NMR (90 MHz) δ 4 87 (br d, IH, J=9 2 Hz, NH), 4 79 (d, 2H, J=l 4 H/, OCH2S), 4 53 (d, IH, J=3 3 Hz, 
CH(OEl)2), 4 14-3 89 (m, IH, CH2£H), 3 85-3 37 (m, 4H, ОСЛ2.СН3), 3 06 and 2 85 (AB part of ABX spectrum, 
2H, JAB = 14 9 HZ, J A X = 5 1 Hz and J B x=7 5 Hz, C_H2CH), 1 44 (s, 9H, C(CH3)3), 1 21 (t, 6H. J=6 9 H/. 
гхоснгсщ) 
N-(allyloxycarbonyl)-S-(chloromethyl)-D-cysteinal diethyl acetal (121) The same procedure was 
followed as described for 12a using HI (2 15 g, 7 0 mmol) and sodium (161 mg, 7 0 mmol) to give after work-up the 
crude thiol (not weighed), Ή NMR (90 MHz) 6 6 16-5 75 (m, IH, CH?=CH-CH2). 5 41 5 13 (m, ЗН, CH2=CH-
СН2), 4 60-4 56 (m, ЗН, СН2=СН-СН2 and CH(OFt)2), 4 25-3 38 (m, 5Н, CH2Ç_JI and 2хОШ2СН3), 2 83-2 66 
(m, 2H, CHCH2). 1 45 (t, IH, J=8 5 Hz, SH), 1 20 (t, 6H, J=6 9 H/, гхОСНгШі) This crude thiol together with 
BrCH2CI (150 mL), TEBAC (160 mg , 0 70 mmol) and powdered KOH (600 mg, 10 7 mmol) gave 2 17 g (99%) ol 
chloromethyl sulfide 121 as a yellow oil, CIMS(70eV), m/z (relative intensity) ЗП 9 ([M+2]+, 0 2), 311 9 (|M+2]+ 
0 4), 276 ((M+1-C1]+, 3), 230 ([M-C2HsOCll+, 10), 184 (26), 103, ([HC(OC2H5)2]+, 100), Ή NMR (90 MHz) i 
6 17-5 74 (m, IH, CH2=CjJ-CH2), 5 41-5 06 (m, ЗН, ÇH2=CH-CH2 and NH). 4 77 (d, 2H, J<1 Hz. C1CH2S), 4 61 
4 53 (m, 3H, CH2=CH £ Η 2 and CH(OEt)2). 4 20-3 90 (m, IH, CH2CH). 3 97-3 38 (m, 4H, 2ХОСЩСН3), 3 08 an¿ 
2 87 (AB part of ABX spectrum, 2H, JAB=13 8 Hz, JAX=5 3 Hz and JßX=7 9 Hz, CH2CH). 1 22 (t, 6H, J=6 8 Hz 
гхоснгСЩ) 
(Ä)-3-(Chloromethylthio)-2-methyl-propanal diethyl acetal (12m) The same procedure was followcc 
as described for 12a using 11m (595 mg, 2 7 mmol), sodium (62 mg, 2 7 mmol), BrCH2Cl (50 mL), TEBAC (61 
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mg, 0 27 mmol) and powdered KOH (227 mg, 4 1 mmol) to give after work-up 572 mg (94%) of 12m as a yellow 
oil; 'H NMR (90 MHz) δ 4.74 (s, 2H, CICH2S), 4.34 (d, IH, J=5.7 Hz, CH(OEt)2), 3.90-3 34 (m, 4H, 
2xO£Ü2CH3)· 2 " a n d 2 6 3 < Α Β Ρ31* o f A B X spectrum, 2H, J A B = 1 2 . 6 Hz, JAx=4.8 HZ and J B X = 7 9 Hz, SCHACH), 
2.29-1 95 (m, IH, СН2СЫ). 1.21 (dt, 6H, J=0.5 Hz and J=7.0 Hz, гхОСНгСЩ), 104 (d, 3H, J=6 7 Hz, СН£Щ) 
S-(Chloromethyl)-N-(lrifluoroacetyl)-D-cysteinal diethyl acciai (12o), 20 and 21. The same 
procedure was followed as described for 12o using I lo (1 39 g, 4.38 mmol) and sodium (ΙΟΙ mg, 4.38 mmol) lo give 
after work-up 1 16 g (96%) of the crude thiol; lH NMR (90 MHz) δ 6.69 (very br d, IH, J=6.0 Hz, NH), 4.67 (d, IH, 
ЬЗ.З Hz, CH(OEl)2), 4 29-4 02 (m, IH, СН2СШ. 3 88-3 37 (m, 4H, 2хОШ2СН3), 2 71 and 2.51 (AB part of ABX 
spectrum, 2H,JAB=146 Hz, J A X = 6 3 Hz and JBx=6.8 Hz, СИ2СН), 1.47(1, IH, J=8.7 Hz. SH), 1.20 (dl, 6H. J=0 9 
Hz and J=7 0 Hz, 2xOCH2CHj) This crude thiol together with ВгСНгСІ (100 mL), TEBAC (95 mg , 0 42 mmol) and 
powdered KOH (354 mg. 6.3 mmol) gave 1 22 g of an impure oil. Comparison of the NMR of this oil with the 
NMR's of the isolated products in the alkylation attempt toward 17o showed that the oil consisted of 12o (44%) (the 
90 MHz NMR spectrum was too complicated for exact assignments), 20 (32%), CIMS(70eV), m/z (relative intensity) 
562.8 ([M+l]+, 0.2), 516.8 ([M-C 2 H 5 0] + , 32), 470.8 ([M-l-2xC2H50]+, 50), 196 (100), 103 ((HC(C 2 H 5 0)2] + , 
100), Ή NMR (90 MHz) δ 6.95 (br d, IH, J=9.0 Hz, NH), 6.72 (br d, IH, J-9.0 Hz, NH), 4.60 (d, IH, J=3.0 Hz, 
CH(OEl)2), 4 55 (d, IH, J=3.3 Hz, CH(OEt)2), 4.47-4.10 (m, 2H, 2ХСН2Ш), 3.97-3 38 (m, ЮН, 4ХОСИ2СН3 and 
SCH2S), 3 13-2.64 (m, 4H, 2хСЫ2СН), 1.20 (dt, I2H, J=1.2 Hz and J=6.9 Hz, 4хОСН2Щз_) and 21 (20%); 
ClMS(70eV), m/z (relative intensity) 288 ([M+l]+, 15), 242 ([M-C 2 H 5 0] + , 97), 103 ([HC(C 2 H 5 0) 2 1 + , 100); ] H 
NMR (90 MHz) δ 5 07-4.27 (m, 3H, CH¿CJi and NCH2S), 4 84 (d, IH, J=3.2 Hz. CH(OEl)2), 3.97-3.42 (m. 4H, 
2XOCÜ2CH3), 3.39 and 3.07 (AB part of ABX spectrum, 2H, JAB=13.3 Hz, JAX=7 0 Hz and J B X = 9 5 Hz, Ш2СН), 
1.18 (dt, 6H, J=4 0 Hz and J=7 0 Hz. гхОСНгСИз) 
3-[N-(2-trimethylsilylelhylo4ycarbonyl)-N-(allyloxy)-2-aminoethyl]indole (15a). To 1 4 a ' (I g, 
3.1 mmol) in freshly distilled DME (25 mL) was added NaH (125 mg of a 60% oil dispersion, 3 I mmol) and the 
suspension was stirred until a clear solution appeared (hydrogen gas evolved). To this solution ally! bromide (I 5 g, 
12.4 mmol) was added in one portion (immediate NaBr formation). After 2 h the suspension was concentrated in vacuo 
in order to remove the remaining poisonous allylbromide The residue was dissolved in EtOAc and subsequently washed 
with water and brine The organic layer was dried (MgSO,}) and the solvent was evaporated m vacuo to yield 1.12 g 
(100%) of the allyl ether 15a.; Rf 0.63 (EtOAc/ hcxancs =1/1, v/v), CIMS(70cV), m/z (relative intensity) 360 ([M]+. 
18), 318 ([M-C 3H 6)+. 54). 158 (100), 144 ( [ C | 0 H | 0 N ] + . 96), 130 ([C 9 H B N] + , 52), 73 (60); Ή NMR (60 MHz) δ 
8.03 (br s, IH, indole-NH), 7 70-7.00 (m, 5H. indole C(2)H and C(4)H-C(7)H), 6 35-5 80 (m, IH, -CH ?CH=CH ?). 
5.40-5.20 (m, 2H,-CH2CH=CÜ2>· 4 40-3.70 (m, 6H,-CH2CH=CH2, OCH2CH2S1 and indole-C(3)CH2CJl2N), 3 15-
3 00 (m, 2H, indole C(3)CH2£H.2N), 0 95-0 75 (m, 2H, OCH2CH2S1), ° ° ° <s· 9 H · Sl(CH3)3) 
l-Methyl-3-[N-(2-trimethylsilylethyloxycarbonyl)-N-(allyloxy)-2-aminoethyl]indole (15b). To 
DMSO (20 mL) was added 15a (1.2 g, 3 3 mmol), Mel (1.0 g, 7 0 mmol) and powdered KOH (370 mg, 6.6 mmol) 
The, in the beginning dark solution, became clearer as the reaction proceeded. After stirring for 1 5 h the reaction 
mixture was diluted with EtOAc (50 mL) and subsequently washed with IN HCl, 3 portions water and brine. The 
organic layer was dried (MgSO<i) and the solvent was evaporated in vacuo The residue was subjected to column 
chromatography (EtOAc/hexanes=l/4, v/v) to yield 1.22 g (99%) 15b as an oil, Ri 0.30 (EtOAc/hexanes= 1/4, v/v); 
Ή NMR (90 ΜΗ/) δ 7.62-7.52 (m, IH, indole C(7)H), 7.28-6.96 (m, 3H indole C(4)-C(6)H), 6.84 (s, IH, indole 
C(2)H), 6 22-5 77 (m, IH, CH=CH2), 5 37-5 17 (m, 2H, CH=CH2), 4.34( d, 2H, J=6.0 Hz, £ Ü 2 C H = C H 2 ) · 4.16-
3.96 (m, 2H, OCÜ2CH2Si), 3 86-3 69 (m, 2H, CH2N), 3 71(s, 3H, NCH3), 3.12-2 96 (m, 2H, indole C(3)CH2), 
0.94-0 75 (m, 2H, OCH2GH2S1). 0 00 (s, 9H, SiC(CH)3) 
l-Methyl-3-[N-(2-trimelhylsilylethyloxycarbonyl)-N-hydroxy-2-aminoethyl]indole (14b). A 
solution of 15b (980 mg. 2 62 mmol). Pd(OAc)2 (6 mg, 0 03 mmol), PPh3 (27 mg, 0 I mmol) and HCOOHNbt3 
(3,4 g, 23 mmol) m acetonitrile/watcr=4/l. v/v (50 mL) was heated at reflux. After completion of the reaction (30 
min.) (monitored by TLC (EtOAc/hexanes=4/l, v/v)), the reaction mixture was diluted with EtOAc (50 mL) and 
subsequently washed with 2 portions water and brine. The organic layer was dried (MgS04) and the solvent was 
evaporated in vacuo The residue was subjected to column chromatography (MeOH/CHCI3=3/97, v/v) to yield 870 mg 
(99%) of 14b as an oil Rf 0 13 (ElOAc/hexancs=l/4, v/v), CIMS(70cV), m/z (relative intensity) 334 ([M]+, 39), 144 
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([CioH|oN]+,100). Ή NMR (90 MHz) δ 7 67-7 58 (m, IH, indole C(7)H), 7 35-7 03 (m, 3H, indole C(4)-C(6)H), 
6 92 (s, IH, ìndole C(2)H), 4 13 3 93 (m, 2H, 0£H.2CH2Si), 3 84 (ι, 2H, J=7 0 Hz, CH2N), 3 73 (s, 3H, NCH3), 
3 12 (t, 2H, J=7 0 Hz, indole C(3)CH2), 0 87-0 67 ( m, 2Н, OCH2CH2S1), 0 00 (s, 9Н, SiC(CH)3) 
Synthesis of Nfc-Teoc- or Nfc-Aloc-Nfc-alkoxvtrvptamines 16. 
Compound 16a NaH (80 mg of a 60% oil dispersion, 2 0 mmol) was added to a stirred solution of 14b (640 
mg, 2 0 mmol) in freshly distilled DME (20 ml.) The suspension was stirred until a clear solution appeared (10-30 
min ) (hydrogen gas evolved) This solution was added dropwise (over a period of 4 5 h ) to a stirred solution of 
chloromethyl sulfide 12a (540 mg, 2 7 mmol) and Nal (408 mg, 2 7 mmol) in freshly distilled DME (50 raL) (after 
арргох 30 sec after the addition of Nal, the formation of lodomethylsulfide was observable by precipitation of the 
formed NaCI) at 0 С After additional stirring for I h , sat NH4CI (1 mL) was added and the suspension was 
concentrated in vacuo The residue was dissolved in EtOAc (50 mL) and subsequently washed with water and sat 
NH4CI The organic layer was dried (MgSC>4) and the solvent was evaporated m vacuo The residue was subjected to 
column chromatography (EtOAc/hexanes=l/2, v/v) to give 340 mg (53%) starting material 14b and 400 mg (41%) 
16a as an oil, Rf 0 41 (EtOAc/hcxancs=l/2, v/v), CIMS(70eV), m/z (relative intensity) 482 ([M]+, 7), 130 
([C9HgN]+, 66), 73 ([SiC(CH)3j+, 100), Ή NMR (90 MHz) δ 8 14 (br s, IH, indole NH), 7 65-7 02 (m, 5H, indole 
C(7)H3 and C(4)-C(7)H3), 4 98 (s, 2H, OCH2S), 4 24-3 76 (m, 5H, C_H.CH2, OCÜ2CH2Si and NCH2), 3 76 (s. 3H, 
COOCH3), 3 43 (s, 3H, OCH3), 3 18-2 94 (m. 4H, indole C(3)CH2 and CHCÜ2), 0 93-0 73 ( m, 2H, ОСНгСЩБі), 
0 00 (s, 9H, SiC(CH)3) 
Compound 16b. The same procedure was followed as described for 16a using 14b (930 mg, 2 9 mmol), NaH 
(116 mg of a 60% oil dispersion, 2 9 mmol), chloromethyl sulfide 12b (1 3 g, 4 3 mmol) and Nal (650 mg, 4 3 
mmol) in freshly distilled DME (100 mL) Purification by column chromatography (chloroform) gave 1 5 g (89%) of 
16b as an oil, Rf 0 42 (McOH/CHCI3=2/98, v/v), CIMS(70eV), m/z (relative intensity) 468 ([M+l- C 6Hi i 0 2 ] + , l ) , 
130 ([C 9 H B N] + . 30), 115(ГСбНц0 2 ] + . 55), 73 ([SiC(CH)3]+, 36), 41(100), ·H NMR (90 MHz) δ β 11 (br s, IH, 
indole-NH). 7 67-7 04 (m, 5H, indole C(2)H and C(4)-C(7)H), 4 98 (s, 2H, OCH2S), 4 51 (I, 1 H, J=6 4 Hz.CHCH? ), 
4 12-3 39 (m, 8H, CH 2OCH 2, OC_H¿CH2Si and NCH2), 3 73 (s, 3H, COOCH3), 3 22 (s, 3H, OCH3), 3 18-2 95 (m, 
4H, indole C(3)CH2 and СНСЛ2), I 91-1 74 (m, 4H, CH2CCH2), 0 91-0 72 ( m, 2H, ОСНгСН^О, 0 00 (s, 9H, 
SiC(CH)3) 
Compound 16d. The same procedure was followed as described for 16a using 14b (1 3 g, 4 0 mmol), NaH (160 
mg of a 60% oil dispersion, 4 0 mmol), chloromethyl sulfide 12d (1 1 g, 6 0 mmol) and Nal (900 mg, 6 0 mmol) in 
freshly distilled DME (200 mL) Purification by column chromatography (EtOAc/hexanes=l/2, v/v) gave 1 50g (80%) 
of 16d as an oil, Rf 0 59 (ElOAc/hexanes=l/l, v/v), CIMS(70eV), m/z (relative intensity) 480 ([M+CH4]+, 1), 466 
([M]+, 4), 130 ([C 9 H e N] + , 64), 73 ([SiC(CH)3]+, 100), lU NMR (90 MHz) 6 8 16 (br s, IH, indole NH), 7 68-7 02 
(m, 5H, indole C(2)H and C(4)-C(7)H), 4 91 (s, 2H, OCH2S), 4 14-3 80 (m, 4H, OCH2CH2Si and NCH2), 3 68 (s, 
3H, COOCH3), 3 18-2 73 (m, 5H, indole C(3)CH2 and CHCH2), 1,26 (d, 3H, J=6 3 Hz, СН£Нз_), ° 94-0 74 ( m, 
2H, ОСНгСЩБі), 0 00 (s, 9H, SiC(CH)3) 
Compound 16h. The same procedure was followed as described for 16a using 14b (1 9 g, 6 7 mmol), NaH (175 
mg of a 60% oil dispersion, 4 4 mmol), chloromethyl sulfide 12h5 (1 9 g, 6 7 mmol) and Nal (990 mg, 6 6 mmol) in 
freshly distilled DME (250 mL) Purification by column chromatography (EtOAc/hexanes=l/2, v/v) gave 1 53 g (60%) 
of 16h as an oil, Rf 0 52 (ElOAc/hexanes=l/l. v/v), CIMS(70eV), m/z (relative intensity) 581 ([Ml+, 32), 158 
([C] |Hi 2 Nl+, 79), 144 ( [Ci 0 Hi 0 Nl + . 100), 73 ([SiC(CH)3]+, 75), 57 ([C(CH)3]+, 82), Ή NMR (90 MHz) δ 7 62-
7 53 (m, IH, indole C(7)H), 7 31-6 98 (m, 3H, ìndole C(4)- C(6)H), 6 89 (s, IH, indole C(2)H), 5 60 (br d, IH, J=9 0 
Hz, HNBoc ), 4 87 (s, 2H, OCH2S), 4 66-4 46 (m, IH, CHCOOMe), 4 26-3 49 ( m, 4H, OCH2CH7S1 and NCH2) 
3 69 (s, 6H, СООСНз and NCH3), 3 22 2 98 (m, 4H, indole C(3)CH2 and CHC_H_2S), 1 38 (s, 9H. C(CH)3), 0 91 
0 71 (m, 2H, ОСНгСІІ25і), 0 00 (s, 9H, SiC(CH)3) 
Compounds 16ί, 18 and 19. Attempted alkvlation. The same procedure was followed as described for 16s 
using NaH (275 mg of a 60% oil dispersion, 6 9 mmol), 14b (2 20 g, 6 9 mmol), 12i (2 47 g, 10 7 mmol) and Na] 
(1 20 g, 8 0 mmol) After work-up purification by column chromatography (ElOAc/hexanes=l/2, v/v) gave twe 
fractions 690 mg (27 %) 19, Rf 0 50 (EtOAc/hexanes=l/l, v/v), Ή NMR (90 MHz) δ 5 07 (t, IH. J=5 9 Hz) 
CH 7 Cm. 4 91-4 58 (m, 2H, SCH2N), 3 80 (s, ЗН. ОСН3), 3 54-3 14 (m, 2Н. СН2СН) and a second fraction of 3 5 j 
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weight: NMR and TLC (МеОН/СНС1з=3/97) analyses showed that the second fraction contained 2 products. Another 
purification by column chromatography (MeOH/CHClj=3/97, v/v) gave the two pure fractions. 712 mg (28%) of 18; 
Rf 0.70 (МеОН/СНС1з=3/97. ν/ν), Ή NMR (90 MHz) δ 7.29 (br s. 2H, 2xNH), 4.97-4 76 (m. 2H. 2xCH 2£H). 
3 81 (s, 6H, 2xOCH3), 3 68 (s, 2H, SCH2S), 3.38-2.97 (AB part of ABX spectrum, 4H, гхСЩСН) and 2 l g (95%) 
of recovered 14b 
Approach from 16g In acetonitnle (100 mL) 16g^ (4.10 g, 7.20 mmol) was dissolved and cooled to -25°C. To this 
solution Me^SiI (1 02 mL, 1.44 g, 7.20 mmol) was added over a 10 min. period with a syringe. Monitoring of the 
reaction by TLC (МеОН/СНСІз=7/93, v/v) showed that after 30 min still some starting material was present 
Therefore another portion МезвіІ (140 μ ι , 200 mg, 1 0 mmol) wax added. After stirring for another IS mm water (1 
mL) was added and the reaction mixture was concentrated m vacuo. The residue was dissolved in ElOAc and washed with 
brine and dried (MgSC>4). After evaporation of the solvent m vacuo the residue was subjected to column 
chromatography to give 250 mg (6%) starting compound 16g, 100 mg (4%) totally deprotected compound 17e and 
1 98 g (59%) 16e; Rf 0.42 (MeOH/CHCI3=7/93, v/v); a " =-9.3 (c=3.0. MeOH); CIMS(70eV), m/z (relative 
intensity) 468 (fM+l]+, 3), 148 (90), 144 ( [ C I 0 H 1 0 N ] + , 43), 143 (100), 130 ([C 9 H 8 N] + , 89), 73 ([C 3H 9Si)+, 95). 
lH NMR (90 MHz) δ 8.33 (br s, IH, indole NH), 7 67-7.57 (m, IH, C(7)H3), 7.40-7.01 (m. 4H. C(2)H-C(4)-
C(6)H3). 4 93 (s, 2H, OCH2S), 4 12-3 67 (m, 5H, С(3)СН2СІ1^, СНгСЛ and OCÜ2CH2Si), 3 73 (s, ЗН, ОСН3), 
3 26-2.80 (m, 4Н, C(3)Ç_H.2CH2N and СН2СН). 1.80 (br s, 2H, NH2), 0.90-0 72 (m, 2H, ОСНгЩгЗі), 0.00 (s, 
9H, Si(CH3)3). 
To a cooled (0°C) and stirred solution of 16e (1.8 g, 3.8 mmol) and dielhylisopropylamine (500 mg, 3.8 mmol) m 
THF (100 mL) was added TFA 2 0 (0.53 mL, 800 mg, 3.8 mmol) with a syringe. After 30 min , the reaction mixture 
was poured into sat. №НСОз/Ьгіпе (1/1, v/v) After another extraction with this aqueous mixture the organic layer was 
dried (MgSC>4) and the solvent was evaporated in vacuo to give 2.08 g (97%) of 16e as a colorless oil which was 
homogeneous according to TLC and NMR, Rf 0 46 (EtOAc/hexanes=l/l, v/v); ClMS(70eV), m/z (relative intensity) 
562.9 ([M1+, 1 2), 165 9 (100), 144 ( f C i 0 H i 0 N ] + , 52), 130 ( [ C 9 H 8 N ] + . 72), 73 ([C3H9Si]+, 77), l H NMR (90 
MHz) δ 8 54 (br d, IH, J=7.0 Hz, NH). 8.18 (br s. IH, indole NH), 7 63-7.54 (m, IH, C(7)H3), 7.40-7.00 (m, 4H, 
C(2)H-C(4)-C(6)H3), 5.02-4.70 (m, IH, СНгСЛ), 4.71 (s, 2H, OCH2S), 4.23-3.61 (m, 4H, C(3)CH2CÜ2N and 
OCJÌ2.CH2Si), 3 77 (s, ЗН, ОСН 3). 3 51-3.00 (m, 4Н, C(3)C_H_2CH2N and CH ¿CH). 0 88-0.69 (m, 2Н, 
OCH2CH2.Si). 0 00 (s, 9Н. Si(CH3)3). 
Compound 16k. The same procedure was followed as for 16a using 14b (850 mg, 2 7 mmol), NaH (106 mg of 
a 60% oil dispersion, 2.7 mmol), chloromethyl sulfide 12k (1.3 g, 4 0 mmol), Nal (595 mg, 3.9 mmol) and freshly 
distilled DME (100 mL). After work-up 2 02 g of an oil was afforded which was not purified further; Rf 0 29 
(ElOAc/hcxancs=l/2, v/v), 0.49 (EtOAc/hexanes=l/l, v/v); Ή NMR (90 MHz) δ 8 14 (br s, IH, indole NH), 7.66-
7 56 (m, IH, C(7)H), 7 38-7 02 (m, 4H, C(2)H and С(4)-С(6)Нз), 5.04 (br d. IH, J=8.4 Hz. BocNH), 4.92 (s, 2H. 
OCH 2S). 4 54 (d, IH, 1=3 5 Hz, CH(OEt)2), 4 12-3 36 (m, 9H, C(3)CH2C_H_ZN, С Н 2 £ И . ОСЛ 2 СН 2 5і and 
2хОСИ.2 с н з). 3 18-2 71 (m, 4H, C(3)CÜ2CH2N and CH2CH). I 42 (s. 9H, С(СН3)з), 1.17 (t, 6Н, J=7 0 Hz, 
гхОСНгШз.), О 95-0 66 (m, 2Н, ОСНгШгЯі), О.ОО (s, 9Н, Si(CH3)3). 
Compound 161 The same procedure was followed as for 16a using 14b (1.50 g, 4.7 mmol), NaH (190 mg of a 
60% oil dispersion, 4 7 mmol), chloromethyl sulfide 121 (2 15 g, 6.9 mmol), Nal (I 0 g, 6.7 mmol) and freshly 
distilled DME (100 mL). After work-up 3.02 g of an oil was obtained which was not purified further, Rf 0.27 
(ElOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 594.8 ([M1+, 003), 230 (21), 130 ([C9HgN]+, 52), 
103 ([HC(C2H50)]+, 100), 73 ([Si(CH3)3]+, 44). · Η NMR (90 MHz) δ 8.11 (br s, IH, indole NH). 7 67-7 57 (m, 
IH, C(7)H), 7.40-7.04 (m. 4H. C(2)H and C(4)-C(6)H3), 6.14-5.72 (m, IH, CH 2 =£H-CH 2 ), 5 38-5.12 (m, 3H, 
CÜ2=CH-CH2 and NH), 4.93 (s, 2H. OCH2S), 4.59-4.53 (m, 3H. CH2=CH-CÜ2 and CH(OEt)2). 4 16-3.37 (m, 9H, 
C(3)CH2CJi2N, С Н г Ш , OCH2CH2Si and 2ХОСЛ2СН3). 3 17-2 75 (m, 4H. C(3)CÜ2CH2N and СЩСН), 1.19 (t, 
6Н, J=7.0 Hz, гхОСНгСІІЭ.), О 87-0 68 (m, 2Н, ОСНгСН^О, 0.00 (s, 9Н, Si(CH3)3) 
Compound 16m. The same procedure was followed as for 16a using 14b (550 mg, 1 7 mmol), NaH (70 mg of 
a 60% oil dispersion, 1 7 mmol), chloromethyl sulfide 12m (560 mg, 2.5 mmol), Nal (370 mg, 2.5 mmol) and 
freshly distilled DME (50 mL) After work-up 904 mg (100%) of 16m was obtained as an oil which was not purified 
further, Rf 0 40 (EtOAc/hexanes=l/2, v/v); a ^ + 1 3 8 (c=2 40, MeOH), ] H NMR (90 MHz) δ 8.14 (br s, IH, indole 
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NH), 7.67-7.58 (m, IH, C(7)H), 7.40-7.00 (m, 4H, C(2)H and С(4)-С(6)Н3), 4.94 (s, 2Н, OCH2S), 4.34 (d, IH, 
J=5.4 Hz, CH(OEt)2), 4.13-3.32 (m, 8H, 2xOÇH2CH3, C(3)CH2£H.2 and OCH.2CH2Si), 3.08 (br l, 2H, J=7.5 Hz, 
C(3)CH2.CH2), 2 95 and 2.61 (AB part of ABX spectrum, 2H, J A B = ' 2 8 HZ, JAX=51 HZ and Jn x=8 2 Hz, SCH2CH), 
2.20-1 93 (m, 1Н, СН7СШ. 1.18 (l, 6H, J=6.9 Hz, 2ХОСН2СЩ), 1.04 (d, ЗН, J=6.6 Hz, СНС1Ц). 0.89-0.68 (m. 
2H, OCH2QI2S1), 0.00 (s, 9H, Si(CH3)3). 
Compound I60. Alleviation approach: The same procedure was followed as for the alkylation of 16i using 14b 
(804 mg, 2.5 mmol), NaH (101 mg of a 60% oil dispersion, 2.5 mmol), chloromethyl sulfide 12ο (1.22 g, 3.8 mmol, 
not pure see 12o) and Nal (565 mg, 3.8 mmol) in freshly distilled DMR (100 mL). Purification by column 
chromatography (EtOAc/hexanes=l/l, v/v) gave 240 mg (22%) of 20, 270 mg (27%) of 21 and 600 mg (75%) of 
recovered 14b. 
Approach via 161. A solution of 161 (2.13 g, 3,6 mmol), Pd(OAc)2 (9 mg, 0 04 mmol), PPh3 (38 mg, 0.15 mmol) 
and HCOOHNEt3 (4.7 g, 11 mmol) in acetonitrile/water=4/l, v/v (50 mL) was rcfluxed under an argon atmosphere 
After completion of the reaction (30 mm , monitored by TLC (EtOAc/hexanes= 1/4, v/v)), the reaction mixture was 
diluted with ElOAc (50 mL) and subsequently washed with 2 portions water and bnnc. The organic layer was dried 
(MgSÛ4) and the solvent was evaporated in vacuo. The residue was subjected to column chromatography 
(MeOH/CHCl3=3/97, v/v) to yield 1.70 g (93%) of 16n as a colorless oil; Rf 0.39 (MeOH/CHCI3=7/93, v/v); 
CIMS(70cV), m/z (relative intensity) 512 ([M+l]+, 2), 466 ([M-C2H50]+ , 5), 144 ([C|0HloN] + , 41), 130 
(IC9H8N]+, 56), 103 ([HC(C2H50)]+, 58), 73 ([Si(CH3)3]+, 52), 41 (100); Ή NMR (90 MHz) δ 8.31 (br s, IH, 
indole NH), 7.67-7.51 (m, IH, C(7)H), 7.39-7.00 (m, 4H, C(2)H and C(4)-C(6)H3), 4.95 (s, 2H, OCH2S), 4 36 (d, 
IH. J=5.0 Hz, CH(OEt)2), 4.11-3.44 (m, 9H, C(3)CH2CH2N. CH2Ç_H, OC_H2CH2Si and 2xOCH2CH3), 3 17-2 40 
(m, 4H, C(3)£H.2CH2N and £Н2СН), 1.88 (br s, 2H, NH2), 1.21 (dt, 6H, J=1.3 Hz and 1=1 0 Hz, 2хОСН2СНз), 
0.88-0.68 (m, 2H, OCH^CH^S·). 0 00 (s, 9Н, Si(CH3)3). 
То THF (50 mL) 16η (550 mg, 1.1 mmol) and EtN(iPr)2 ( 140 mg, 1.1 mmol) were added and the solution was cooled 
to 0°C. To this stirred solution TFA20 (0 15 mL, 230 mg, 1.1 mmol) was added with a syringe. After 30 min. the 
reaction mixture was poured into sat. NaHC03/brinc (1/1, v/v). The organic layer was dried (MgSC>4) and the solvent 
was evaporated in vacuo to give 650 mg (100%) of I60 as a colorless oil which was homogeneous according to TLC 
and NMR. Rf 0.67 (MeOH/CHCl3=7/93, v/v), CIMS(70cV), m/z (relative intensity) 608 ([M+l]+, 3), 607 ([M]+. 562 
(M-C2H501+, 4), 144 ([Ci 0HioN]+, 52), 130 ([C9HgN]+, 88), 103 ([HC(C2H50)]+, 74), 73 (lSi(CH3)3]+. 100), 
Ή NMR (90 MHz) δ 8 11 (br s, IH, indole NH), 7.89 (br d, IH, J=8.4 Hz, NH). 7 64-7.00 (m. 5H, C(2)H and C(4)-
C(7)H3), 4 84 (s, 2H, OCH2S), 4.71 (d, IH, J=4.2 Hz, CH(OEl)2), 4.42-4 13 (m, IH, CH2Ç_H), 4.11-3.44 (m, 8H, 
C(3)CH2CH2N, OÇ_H_2CH2Si and 2xOÇ_H2CH3), 3.26-3 01 (m, 4H, C(3)CH2CH?N and CH2CH). 1 18 (l, 6H, J=7.0 
Hz, 2хОСН2£Щ), 0.88-0.68 (m, 2H, ОСНгШ^і), 0.00 (s, 9Н, Si(CH3)3). 
Synthesis of Nfc-alkoxvlrvptamines 17: 
Compound 17a. A solution of 16a (400 mg, 0.83 mmol), Bu4NCl ( 690 mg, 2.5 mmol) and KF 2H 2 0 (312 
mg, 3.3 mmol) in dry acetonitrile (25 mL) was stirred at 45°C for 10 h. The solvent was evaporated in vacuo and the 
residue was dissolved in EtOAc and subsequently washed with water and sat NH4CI. The organic layer was dried 
(MgSC<4) and the solvent was evaporated in vacuo The residue was subjected to column chromatography 
(EtOAc/hexanes=l/l, v/v) to yield 178 mg (63%) of 17a as a colorless oil; Rf 0 25 (EtOAc/hexanes=l/l. v/v); 
a?? =+19 1 (c=2.98, MeOH), CIMS(70eV), m/z (relative intensity) 339 ([M+1J+, 8), 308 ([M-OCH3]+, 3), 144 
(LC]oHloN]+. 63), 130 ([C 9H 8N]+, 83), 103 ( [ C 4 H 7 0 3 ] + , 100); Ή NMR (90 MHz) δ 8.13 (br s, IH, indole NH), 
7.67-7 03 (m, 5H, indole C(2)H and C(4)-C(7)H4), 5.91 (very br s, IH, NH), 4.91 (s, 2H, OCH2S), 4.00 (t, IH, J=6 0 
Hz, Ç_HCH2S), 3.76 (s, 3H, COOCH3), 3.42 (s, 3H, OCH3), 3 37-2 92 (m, 6H, CHCH2. NCH2 and indole 
C(3)CH2) 
Compound 17b. The same procedure was followed as described for 17a using 16b (520 mg, 0.89 mmol), 
BU4NCI (750 mg, 2.7 mmol) and KF.2H20 (340 mg, 3 6 mmol) Purification by column chromatography 
(MeOH/Et3N/CHCI3=2/0.5/97.5, v/v/v) gave 366 mg (94%) of 17b as a colorless oil; Rf 0.28 (MeOH/CHCl3=3/97, 
v/v), HPLC (acetonitnle/water=3/2, v/v, flow=l mL/min., λ=282 nm, retention time (min )) 6 2, oj? =+17 5 (c-3 25, 
MeOH); CIMS(70eV), m/z (relative intensity) 325 ([M-C 6 H 1 3 0 2 ] + , 3), 144 ([Ci 0 H| 0 N] + , 32), 130 ([CuHgN]+, 55), 
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115([C6Hi | 0 2 ] + , 100), ' H NMR (90 MHz) 6 8 16 (br s, IH, indole NH), 7 65-7 04 (m, 5H, indole C(7)H3 and C(4)-
C(7)H3), 4 89 (s, 2H, OCH2S), 4 49 (t, IH, J=6 2 Hz, CHCH2S), 3 93-2 95 (m, 10H , CHCH2- CH 2OCH 2, NCH2 
and indole C(3)CH2), 3 71 (s, 3H, COOCH3), 3 21 (s, 3H, OCH3), 1 89-1 73 (m, 4H, CH2CCH2) 
Compound 17c. To a solution of 16b (650 mg, 1 12 mmol) in McOH (30 mL) was added a catalytic amount of 
TsOH-H20 (20 mg) After completion of the reaction (50 mm ) (monitored by TLC (МеОН/СНС1э=2/98, v/v)), sal 
ІЧаНСОз (I mL) was added and the solvent was evaporated in vacuo The residue was dissolved in ElOAc (50 mL) and 
subsequently washed with sat ЫаНСОз and hnne The organic layer was dried (MgSCj) and the solvent was evaporated 
in vacuo to yield 515 mg (98%) of crude 16c as a colorless oil. Rr 0 29 (MeOH/CHCI3=2/98, ν/ν). Ή NMR (90 
MHz) δ 8 09 (br s, IH. indole NH), 7 68-7 06 (m. 5H, indole C(2)H and C(4)-C(7)H), 4 98 (s, 2H. OCH2S), 4 53 (br 
s. IH, OH), 4 18-4 66 (m, 5H. СНСН?. OCÜ2.CH2Si and NCH2), 3 80 (s. ЗН. СООСН3), 3 34-2 86 (m, 4Н, indole 
С(3)СН2 and CHCH2S), 0 84-0 65 ( m, 2Н, OCH2CH.2Si), 0 00 (s, 9H, SiC(CH)3), For the removal of the Teoc 
protective group the same procedure was followed as described for 17a 16c (540 mg, 1 15 mmol), BU4NCI (960 mg, 
3 5 mmol) and KF 2 H 2 0 (434 mg, 4 6 mmol) in acetonitrile (25 mL) gave, after column chromatography 
(МеОН/СНС1з=1/99, ν/ν), 296 mg (79%) of 17c as a colorless oil which was not purified further. Rf 0 32 
(MeOH/CHCl3=3/97, ν/ν), a^ 2 =+3 9 (c=3 6, MeOH), CIMS(70eV), m/z (relative intensity) 325 ([M+l]+, 0 2), 294 
([M OCH3J+,l 1), 144 ([CioH| 0 N] + , 34), 130 ([C9HgN]+, 100), Ή NMR (90 MHz) 6 8 15 (br s, IH, indole NH), 
7 66-7 02 (m, 5H, indole C(2)H and C(4)-C(7)H), 5 55 (br s, 2H, NH and OH), 4,90 (AB, 2H, J=l 1 9 Hz, OCH2S), 
3 76 (s, 3H, COOCH3), 3 42-2 95 (m, 6H, indole C(3)CH2CH2 and CHÇU2.S) 
Compound 17d. The same procedure was followed as described for 17a using 16d (1 5g, 3 2 mmol), BU4NCI 
(2 7 g, 9 7 mmol) and KF 2H20 (1 21 g, 12 9 mmol) in acetonitnlc (50 mL) Purification by column chromatography 
(FtOAc/hcxancs=l/2, v/v) afforded 693 mg (67%) of 17d as a colorless oil, Rf 0 45 (EtOAc/hexanes=l/2, v/v), ct£,2-
304 (c=2 50, MeOH), CIMS(70eV), m/z (relative intensity) 323 ([M+l]+ , 10), 188 ([C, j H | 2 N 2 0 ] + , 72), 144 
([CioHirjN]+, 81), 130 ([C9HgN]+, 100), Ή NMR (90 MHz) δ 8 15 (br s, IH, indole NH), 7 63 7 03 (m, 5H, indole 
C(2)H and C(4)-C(7)H), 5 91 (very br s, IH, NH), 4 86 (s, 2H, OCH2S), 3 68 (s, ЗН. СООСНз). 3 40-2 56 (m, 7Н, 
indole С(3)СН2СН2 and CHCH2S), I 24 (d, 3H. J=6 2 Hz, CHCH3Ì 
Compound 17e To 16g5 (400 mg, 0 71 mmol) and 2 drops of 1,2-ethanedithiol was added a mixture of 
TFA/CH2CI2 ( l / l . v/v, 25 mL) with stirring After standing for 20 mm at room temperature the solvent was removed 
in vacuo The residue was dissolved in ElOAc and washed with sat №НСОз and brine After drying (MgS04) the 
solvent was evaporated in vacuo and the residue was subjected to column chromatography (MeOH/El3N/CHCl3= 
3/0 1/96 9 v/v) to give 210 mg (92%) of 17e as a colorless oil, Rf 0 31 (МеОН/СНС1з=7/93, v/v), a " =-7 8 
(c=2 45, MeOH), Ή NMR (90 MHz) 6 β 17 (br s. IH, indole NH), 3 67-7 02 (m, 5H, indole C(2)H and C(4)-
C(7)H4), 4 88 (s, 2H, OCH2S), 4 5-15 (very br s, 3H, indole NH and NH2), 3 78-3 64 (m, IH, C_HCH2S), 3 72 (s. 
3H, COOCH3), 3 39-2 78 (m, 6H, indole C(3)CH2CH2 and CHCÜ2S) 
Compound 17f The same procedure was followed as described for 17e using 16h (1 5 g, 2 6 mmol), 1 drop of 
dilhioglycol and TFA/CH2C12 (1/1, v/v, 50 mL) Purification by column chromatography (MeOH/Et3N/CH2Cl2 
=4/0 5/95 5 v/v/v) afforded 577 mg (66%) of 17f as a colorless oil, Rr 0 36 (MeOH/CHCh=7/93, v/v), Ή NMR (90 
MHz) δ 7 64-7 55 (m, IH, C(7)H), 7 34-7 00 (m, ЗН, С(4)-С(6)Нз), 6 89 (s, IH, C(2)H), 4 87 (s, 2H, OCH2S), 
3 83 3 66 (m, IH, CH-.CH). 3 75 (s, 6H, NCH3 and OCH3), 3 45 2 77 (m, 9H, C(3)CH2CH2N, NH2 and СЩСН) 
Compound 17h The same procedure was followed as described for 17a using 16h (1 52 g, 2 6 mmol), BU4NCI 
(2 2 g, 7 9 mmol) and KF 2H 2 0 (991 mg, 10 5 mmol) Purification by column chromatography (ElOAc/hexanes=l/l, 
v/v) gave 1 07 g (93%) of 17h as a colorless oil, R f 0 37 (ElOAc/hexanes=l/l, v/v), CIMS(70cV), m/z (relative 
intensity) 438 ([M+l]+, 70), 437 ([M]+, 18) 327 (86), 203 (71), 158 ( [Ci |Hi 2 Nl + , 100), 144 ([C|oHi0N]+, 89), 57 
([C4H9]+, 88), Ή NMR (90 MHz) δ 7 63-7 49 (m, IH, indole C(7)H), 7 34-7 03 (m, 3H, ìndole C(4)-C(6)H), 6 96 
(s, IH, indole C(2)H), 5 99 (very br d, 2H, J=9 0 Hz, HNBoc and ONH), 4 85 (AB, 2H, OCH2S), 4 68-4 53 (m, IH, 
CHCH2S), 3 74 (s, 3H. COOCH3). 3 71 (s, 3H, indole NCH3), 3 36-2 86 (m, 6H, indole C(3)CH2CH2 and 
CHCH2S). I 42 (s, 9H. C(CH)3) 
Compound 17i The same procedure was followed as described for 17a using 16i (2 0 g, 3 6 mmol), BU4NCI 
(2 96 g, 10 7 mmol) and KF 2 H 2 0 (133 g, 14 2 mmol) Purification by column chromatography 
(EtOAc/hexancs=l/l, v/v) gave I 31 g (88%) of 17· as a colorless oil, Rf 0 32 (EtOAc/hexanes=l/l, v/v). HPLC 
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retention time (acetonitrile/water=7/3, v/v, flow=l mL/min., λ=282 nm.) 4 4 min , CIMS(70eV), m/z (relative 
intensity) 420 ([M+1J+, 18), 374 (14), 144 ( [ C i 0 H 1 0 N ] + , 100), 130 ([C 9 H 8 N] + , 63); Ή NMR (90 MHz) δ 8 31 (br 
d, IH, J=8.0 Hz, TFANH), 8.11 (br s, IH, indole NH), 7.65-7.52 (m. IH, C(7)H3), 7 42-7 02 (m, 4H, C(2)H and 
C(4)-C(6)H3), 6 11 (very br s, IH, CH ?NH). 5 09-4 94 (m, IH, CH2CH), 4 92 and 4.79 (ΛΒ, 2H, JA B=11-8 Hz, 
OCH2S), 3.76 (s, 3H, OCH3), 3 41-2.87 (m, 6H, C(3)CH2CH2N and СЫ2СН). 
Compound 17j. 16g5 (0.5 g, 0.88 mmol) was dissolved in acetoni tri le (10 mL). To the stirred solution dì-tert-
butyldicarbonate (0.23 g, 1.1 mmol) and a calalytical amount DMAP (11 mg, 0.09 mmol) was added. After 2 h the 
reaction was complete (monitored by TLC (EtOAc/hexancs=l/2, v/v)) and the solvent was evaporated m vacuo. The 
residue was subjected to column chromatography (CHCI3) lo give 584 mg (99 %) of the Na-Boc protected compound 
16j as a colorless oil, Rf 0.47 (EtOAc/hexanes=l/2, v/v); CIMS(70eV). m/z (relative intensity) 668 ([M+l]+, 5). 148 
(42), 130 ([C9HgN]+, 37), 73 ([C3H9Si]+, 100); Ή NMR (90 MHz) δ 8 15-8 05 (m, IH, C(7)H), 7 58-7 04 (m, 4Н, 
С(2)Н and С(4)-С(6)Н3), 5.55 (br d, IH, J=9.6 Hz, NH), 4.89 (S, 2H, OCH2S). 4.66-4.47 (m, IH, £HCH2), 4 22-
4 02 (m, 2H, OÇJi2.CH2Si), 3.91-3.66 (m, 2H, C(3)CH2CÜ¿N), 3.78 (s, ЗН, COOCH3), 3.17-2 93 (m, 4Н, 
C(3)CH2CH2N and СНСЫ2). 1 62 (s, 9H, indole NC0 2C(CH 3) 3), 140 (s, 9H, HNC0 2C(CH 3) 3), 0.98-0 79 (m, 2H, 
OCH2CÜ2Si), 0 00 (s, 9H, Si(CH3)3). For removal of the Teoc group the same procedure was followed as described 
for 17a using 16j (570 mg, 0.85 mmol), Bu4NCl ( 713 mg, 2.6 mmol), KF.2H20 (322 mg, 3 4 mmol) and 
acetoniUile (25 mL). Purification by column chromatography (CHC13) afforded 360 mg (81 %) of 17j as a colorless 
oil, Rr0.34 (EtOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 423 ([M+1-C5H902]+, 0.3), 322 ([M-
2C5H902]+ , 0.4), 130 ([C9HgN]+, 34), 57 ([C5H9]+, 100), Ή NMR (90 MHz) δ 8.18-8.08 (m, IH, C(7)H), 7 60-
7.16 (m, 4H, C(2)H and С(4)-С(6)Н3), 5 91 (br d, IH, J=9.1 Hz, HNBoc), 5 00-4.74 (AB, 2H, OCH2S), 4 74-4 55 
(m. IH, CHCH 2), 3.74 (s, 3H, COOCH3), 3.40-2.89 (m, 6H, C(3)CH2CH2N and СНСЛ 2). 1-66 (s, 9H, indole 
NC0 2C(CH 3) 3), 1 42 (s, 9H, HNC0 2C(CH 3) 3) 
Compound 17k. The same procedure was followed as desenbed for 17a using 16k (2 02 g), B114NCI (2.0 g, 7.2 
mmol) and KF 2 H 2 0 (940 mg, 10.0 mmol). Purification by column chromatography (EtOAc/hexanes=2/3, v/v) 
afforded 1 09 g (88 % from 14b) ôf 17k as a colorless oil. Rf 0 37 (EtOAc/hexancs=l/l, v/v), HPLC (acetonitnlc/ 
water=l/9, v/v, flow=l mL/min., λ=280 nm), retention time (mm.). 4.0, a " =+29.8 (c=3.l5, McOH), CIMS(70eV), 
m/z (relative intensity) 469 ([M+2J+, 0.03), 243 (88), 144 ( [C |oH|oN] + . 24), 130 ( [ C 9 H 8 N ] + , 38), 103 
([HC(C 2H 50)]+. 100), 57 ([C(CH 3) 3]+, 23); Ή NMR (90 MHz) δ 8.28 (br s, IH, indole NH), 7.63-7.51 (m, IH. 
C(7)H), 7.40-7 00 (m. 4H, C(2)H and C(4)-C(6)H3), 6.06 (br s, IH, СНгіШ), 5.06 (br d, IH. J=9.2 Hz, NH). 4 87 (s, 
2H, OCH2S). 4 54 (d, IH, J=3.6 Hz, CH(OEl)2), 4 11-2.66 (m, 1 IH. C(3)CH2CH2.CH2CH and 2xO£H.2CH3), 1 44 
(s, 9H, С(СНз)з), 1 18 (Ι, 6Н, J=7.0 Hz, 2xOCH7CHi). 
Compound 171. The same procedure was followed as described for 17a using 161 (1.07 g, 2.1 mmol), BU4NCI 
(1 7 g, 6 1 mmol) and KF.2H20 (790 mg, 8 4 mmol) Purification by column chromatography (MeOH/Et3N/CHCl3= 
3/0.5/96.5, v/v) afforded 596 mg (63%) of 171 as a colorless oil, Rf 0 49 (MeOH/CHCl3=3/97, v/v), 0 65 
(MeOH/CHCl3=7/93, v/v); HPLC (acetonitnle/water=l/9, v/v, flow=l mL/min , λ=280 nm), retention time (min ) 
12.1, OQ =+28.3 (c=2.90, MeOH); CIMS(70cV), m/z (relative intensity) 452 ([M+1J+, I), 144 ( [ C i 0 H 1 0 N ] + , 47), 
130 ([C9HgN]+, 64), 103 ([HC(C 2 H 5 0)] + , 90), 41 (LC3H5]+, 100), Ή NMR (90 MHz) δ 8 12 (br s, IH, indole 
NH), 7 64-7.54 (m, IH, C(7)H), 7.42-7 01 (m, 4H, C(2)H and C(4)-C(6)H3), 6.14-5.72 (m, IH, CH2=£H-CH2), 6.02 
(br s, IH, СН2Ш), 5.38-5.12 (m, 3H, CÜ2=CH-CH2 and NH), 4.87 (s, 2H, OCH2S), 4.58-4.52 (m. 3H, CH2=CH-
CH 2 and CH(OEt)2), 3 84-2.67 (m, UH, C(3)CH2CH2N, CH2CH and 2xOC_Ü2.CH3), 1.17 (t, 6H, J=7 0 Hz, 
2xQCH2CH2). 
Compound 17m. The same procedure was followed as described for 17a using 16m (900 mg, 1 8 mmol), 
BU4NCI (1 47 g, 5 3 mmol) and KF 2H20 (663 mg, 7.0 mmol). Work-up afforded 654 mg (100%) 17m as a colorless 
oil which was homogeneous by TLC; Rf 0 10 (EtOAc/hexanes=l/4, v/v); HPLC (acetonitnle/water=9/l, v/v, flow=l 
mL/min., λ=282 nm), retention time (mm.) 4.7; ag =+14.4 (c=4 25, MeOH); Ή NMR (90 MHz) δ 8 07 (br s, IH, 
indole NH), 7 65-7 55 (m, IH, C(7)H), 7.42-7 02 (m, 4H, C(2)H and C(4)-C(6)H3), 6.2-5.5 (very br s, IH, NH), 4 33 
(d, IH. J=5.6 Hz, CH(OEl)2), 3.78-3.00 (m, 8H, 2хОСН2СН3 and C(3)CH2CH2N), 2.89 and 2 53 (AB part of ABX 
spectrum, 2H. J A B = 1 2 6 Hz, J A x=4 9 Hz and Ι Β χ=8 3 Hz, SCH2CHV 2.16-1 91 (m, 1 H, CHiCHl. 1.17 (t, 6H, j=7 0 
Hz, 2хОСН2Ші). I 03 (d, ЗН, J=6.8 Hz, СНСЩ). 
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Compound 17n. The same procedure was followed as described for 17a using 16n (460 mg, 0.9 mmol), 
BU4NCI (730 mg, 2.6 mmol) and KF 2H2O (340 mg, 3.6 mmol) gave after work-up 254 mg (77%) 17n as a colorless 
oil which was homogeneous according lo TLC; R f 0.14 (МеОН/СНС1з=Э/97, ν/ν), 0.37 (МеОН/СНС1з=7/93, ν/ν); 





 =+24.7 (c=3 20, McOH), CIMS(70eV), m/z (relative intensity) 368 ([M+l]+, 1), 144 ([CioHioN]+, 40), 130 
([C 9 H 8 N] + , 74), 103 ([HC(C 2 H 5 0)] + , 100); Ή NMR (90 MHz) δ 8.26 (br s, IH, indole NH), 7.64-7.55 (m, IH. 
C(7)H), 7 42-7.01 (m, 4H, C(2)H and C(4)-C(6)H3), 4.86 (s, 2H, OCH2S), 4.33 (d, IH, J=5.3 Hz, CH(OEt)2), 3.94-
2.47 (m, 14H, C(3)CH 2CH 2NH, NH 2 , CH2CH and 2ХОСЛ2СН3), 1.17 (dt, 6H, 1=1.5 Hz and J=7 0 Hz, 
2xOCH2CÜ3_). 
Compound 17o. The same procedure was followed as described for 17a using I60 (600 mg, 1 0 mmol), 
BU4NCI (823 mg, 3.0 mmol) and KF2H 20 (370 mg, 3.94 mmol). Work-up afforded 390 mg (85%) of 17o as a 
colorless oil which was homogeneous by TLC, Rf 0.46 (МеОН/СНС1з=3/97, v/v), 0.63 (МеОН/СНС1э=7/93, v/v); 
a " =+24 1 (c=l 95, McOH); CIMS(70eV), m/z (relative intensity) 368 (1.4), 144 ( [ C 1 0 H | 0 N ] + , 45), 130 
([C9H8N]+, 75), 103 ([HC(C 2 H 5 0)] + , 100); Ή NMR (90 ΜΗ/) δ 8 08 (br s, IH, indole NH), 7.69-7.51 (m, IH, 
C(7)H), 7.42-7.00 (m, 4H, C(2)H and C(4)-C(6)H3), 6 94 (br d, IH, J=9 2 Hz, NH), 5.96 (very br s, IH, CH7NH). 
4.87 (s, 2H, OCH2S), 4.64 (d, IH, J=3.5 Hz, CH(OEt)2), 4.47-4 18 (m, IH, CH 2CH), 3 86-2 86 (m. 10H, 
C(3)CH2CH2N, CH2CH and 2хОСЛгСН3), 1.17 (dt, 6H, J=l 9 Hz and J=7.0 Hz, 2хОСНгСІІз> 
Cyclization reactions-
Entry 1 Procedure Λ: The cyclization reaction was earned out in flame dried glass equipment in an argon 
atmosphere To a cooled (-75°C) and stirred solution of 17a (170 mg, 0.50 mmol) in dry dichloromcthanc (20 mL) was 
added DIB AL (1.5 mL of a IM solution in dichloromethane) in a period of 10 min. After completion of the reaction 
(15-60 mm.), (monitored by TLC (ElOAc/hexancs=l/l, v/v)) TFA (0.3 mL, 3.9 mmol) was added in ± 2 mm. The 
reaction mixture was allowed to warm up to room temperature and poured into IM HCl/bnne=l/4 (25 mL, v/v) The 
organic layer was successively washed with IM HCl/bnne= 1 /4), water and sat №НСОз/Ьппе=1/І and dried (Na2S04). 
The organic layer was concentrated in vacuo and subjected to column chromatography (EtOAc/hexanes=l/2. v/v) to give 
119 mg (82%) of 22a; Rf 0 59 (ElOAe/hcxancs=I/l, v/v); u p =+52.7 (c=1.88, McOH), CIMS(70eV) exact mass 
caled for Ci5H] 8 N 2 02S m/z, 290 1089 ([M]+) Found. 290 1090; m/z (relative intensity) 290 ([M1+, 25), 186 
( [ C i | H | 0 N 2 O | + , 100), 144([CioHioN]+, 6), 130 ([C9H8N]+, 11) Anal. Caled for C i 5 H i 8 N 2 0 2 S : C, 62.04; H, 
6.25 N, 9.65. Found; C, 61.84; H, 6.38; N. 9 49. and 13 mg (9%) la, Rf 0 53 (EtOAc/hexanes=l/l, v/v); a " =-85.7 
(c=2.38, MeOH); CIMS(70cV) exact mass caled for C i s H i 8 N 2 0 2 S m/z, 290 1089 ([M]+). Found' 290.1090; m/z 
(relative intensity) 290 ([M]+, 45), 186 ([Ci | H i 0 N 2 O ] + , 100). 144 ([CioHi 0N]+, 11), 130 ([C 9 H a N] + , 18) both as 
amorphous white solids on which failed to crystallize. 
Entry 2. Procedure A was followed using 17b (160 mg, 0 37 mmol) and DIBAL (1.1 mL of a IM solution in 
hexanes or CH2C12). Work-up gave a mixture of products caused by partly removal of the MTP protective group. 
Therefore the crude reaction mixture was dissolved in methanol (50 mL) and a catalytic amount of TsOH (15 mg) was 
added After standing at room temperature for 2 h. the removal of the MTP group was complete, sat NaHC0 3 (1 mL) 
was added and the solvent was evaporated m vacuo. The residue was dissolved in EtOAc (50 mL) and washed with 
saturated NaHC0 3 and brine The organic layer was dried (MgS04) and the solvent was evaporated in vacuo. The 
product ratio was determined at this stage by analytical HPLC (acetonilnle/waler=55/45, v/v, flow=I mL/min., λ=282 
nm), retention time (min); le (4.9) and 22c (5.4)· Ratio lc/22c=l 1/89. The residue was subjected to column 
chromatography (EtOAc/hexanes=l/4, v/v) to yield 88 mg (88%) 22c; Rf 0.18 (McOH/CHCl3=l/99, v/v), 0.24 
(EtOAc/hexanes=l/2, v/v); a " =-5.8 (c=4.15, MeOH); CIMS(70eV), exact mass caled for C i 4 H i 6 N 2 0 2 S m/z, 
276.0933 ([M]+). Found 276.0932; m/z (relative intensity) 276 ([M]+, 13), 186 ([CuHioN 2 0]+, 100), Anal. Caled 
for C 1 4 H i 6 N 2 0 2 S . C, 60.85; H, 5.84; N, 10.14, S, 11.60. Found: C, 60.68, H, 5.88, N. 10.34, S, 11.55, and 1С 
mg (10%) le; Rf 0.18 (EtOAc/hcxanes= 1/2, v/v), a2)2 =-75.0 (c=0.4, EtOAc, e.e.=45%, see table 3 3 in the exp. pari 
of chapter 3); CIMS(70cV) exact mass caled for C ] 4 H | 6 N 2 0 2 S m/z, 276 0933 ((M]+) Found 276.0930, m/z (relative 
intensity), 276 ([M]+,17), 186 ([C] iHioN 2 0] + , 100), both as amorphous white solids 
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Entry 3 Cycli/ation procedure Λ was followed from 17c (150 mg, 0 46 mmol) Purification by column 
chromatography (LtOAc/hexanes=l/4, v/v) gave 21 mg (17%) of lc and 62 mg (49%) of 22c The product ratio was 
determined by analytical HPLC (see entry 2) Ratio lc/22c=38/62 For spectroscopical and analytical data, see entry 2 
Entry 4 Cycli7ation procedure A was followed from 17d (215 mg, 0 67 mmol) Purification by column 
chromatography (ElOAc/hexanes= 1/4, v/v) gave 125 mg (69%) of 22d as an amorphous white solid and 13 mg of an 
unidentified, but by NMR (90 MH7) clearly not cyclized product Both by TLC (EtOAc/hexanes=l/2, v/v) as by 
analytical HPLC (acetonitnle/water=4/l, v/v, flow=l mL/min , λ=254 nm), retention time (min ), 11 (6 1) ) the other 
possible formed diastereomer was not detected 22d crystallized from CH2Cl2/hexanes (mp 135-141°C), Rr 0 50 
(EtOAc/hexanes=l/2. v/v), dp =+94 8 (c=l 55, MeOH), CIMS(70eV), m/z (relative intensity) 274 ([M]+, 38), 186 
([C|iH|0.N 2 O] + , 100), l 7 0 a C n H i o N 2 ] + , 25), 144 ([CioH|0N]+, 16), 130 ([C 9 H 8 N] + , 16), Anal Caled for 
C i 5 H l g N 2 O S C, 65 66, H, 6 61, N, 10 21, S, 1169 Found C, 65 50, H, 6 75, N, 9 96, S, 11 65 
Entry 5 Procedure A was followed starting from 17e ( 135 mg, 0 42 mmol) and DIBAL (1 25 mL of a IM solution 
in dichloromethane). After warming up to room temperature the reaction mixture was poured into a mixture of 
water/brine (4/1, v/v, 50 mL) The organic layer was subsequently washed with sat NaHCOybnnc (1/1, v/v, 50 mL) 
and dried (MgSO/j) and the product ratio was determined at this stage by analytical HPI С (methanol/0 IM (NH4)2S04 
in water=3/2, v/v, flow=l mL/min , λ=280 nm), retention time (min ) le (5 7), 22e (7 8)) rano le/22e=9/91 The 
residue was subjected to column chromatography (МеОН/СНС1/ЕіэЫ=2 0/97 6/0 4, v/v/v) to yield 74 mg (64%) 22e 
and 13 mg (11%) le both as amorphous white solids whose spectroscopical data were identical as published 
previously ' 
Entry 6 Procedure A was followed together with the work-up procedure as described in entry 5 17f (383 mg, 1 14 
mmol) and DIBAL (2 2 mL of a )M solution in hexanes) gave after work up 300 mg of a residue The product ratio 
was determined at this stage by analytical HPLC (methanol/0 IM (NH4)2S04 in waler=6/4, v/v, flow=l mL/min , 
λ=280 nm), retention time (mm ) If (8 4), 22f (10 3)) ratio lf/22f= 18/82 The residue was subjected to column 
chromatography (CH2Cl2/McOH/ Et3N=96 5/3/0 5, v/v/v) to give 169 mg (51%) 22f, Rf 0 14 (EtOAc/hcxancs=l/l, 
v/v), 0 55 (МеОН/СИС1з=7/93, v/v), ag =-93 9 (c=l 5, MeOH), CIMS(70cV) exact mass caled for C15H19N1OS 
m/z, 289 1249 ([M]+) Found 289 1248, m/z (relative intensity) 290 ([M+l] + , 3 8), 289 ([Ml+, I 0), 200 
( | C 1 2 H | 2 N 2 0 ] + . 100), 184 ( [ C i 2 H i 2 N 2 ] + , 28), and 49 mg (15%) If, Rf 0 37 (McOH/CHCI3=7/93. v/v), 
ав=+63 9 (c=l 8, MeOH), CIMS(70eV) exact mass caled for C15H19N3OS m/z, 289 1249 ((M)+) Found 
289 1250, m/z (relative intensity) 289 ([M]+, 0 4), 200 ( I C i 2 H i 2 N 2 0 ] + , 100). 184 ( [ C ] 2 H i 2 N 2 ] + , 26) both as 
amorphous white solids 
Entry 7 was published previously ' The revised NMR assignments of 22g are described in tabic 2 2 The one 
dimensional and NOESY spectrum of 22g is shown in chapter 8 
Entry 8 Procedure В To a cooled (-74 C) and stirred solution of 17h (558 mg, 1 28 mmol) in dry dichloromethane 
(50 mL) employing dry glass equipment under an argon atmosphere was added DIBAL (3 8 mL of a IM solution in 
dichloromethane) in 10 mm After completion of the reaction (15-60 mm ) which was monitored by TLC 
(EtOAc/hexanes=l/l, v/v), TFA (1 mL, 13 mmol) was added in 2 mm After allowing the reaction mixture to warm to 
-30°C, the reaction mixture was poured into a mixture of IN HCl/bnne=l/4 (50 mL, v/v) and the organic layer was 
immediately washed with water followed by another washing with a mixture of sat ЫаНСОз/Ьппе=1/1 and dried 
(Na2S04) The product ratio was determined at this stage by analytical HPLC (acctonitnle/water=9/l, v/v, flow=I 
mL/min , λ=282 nm and λ=250 nm), retention lime (mm ) 24 (5 1), lh (5 6), 22h (6 5), 25 (8 0)) ratio 24 / 25 / 
lh / 22h = 2 1 / 5 2 / 9 / 1 8 The organic layer was subsequently concentrated in vacuo and subjected to column 
chromatography (hcxanes/btN3/CHCh=19/l/80) to yield 264 mg (53%) 24, 75 mg (15%) 25, 23 mg (5%) lh and 31 
mg (6%) 22h (overall 79% cyclisalion) all as amorphous while solids 
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Compound lh Rf 0 43 (CHCI3) a§= 152 5 (c=2 05, MeOH), CIMS(70eV) exact mass caled for 
C20H27N3O3S m/7, 389 1773 ([M]+) Found 389 1774. m/z (relative intensity) 390 ([M+l] + , 12), 200 
([Ci 2 Hi2N 2 0] + , 100), 57 ([C(CH)3]+, 21), UV (acetonilrile) X m a x 277 0(sh), 284 7 (7180), 292 5(sh), e250 = 1940 
and E282 = 7030 
Compound 22h Rf 0 58 (CHCI3), d p =+90 2 (c=2 35, McOH), ClMS(70eV) exact mass caled for 
C20H27N3O3S m/z, 389 1773 ( |MJ + ) Found 389 1773, m/z (relative intensity) 389 ([M1+. 14), 200 
( I C | 2 H | 2 N 2 0 ] + , 100), 57 ([C(CH)3]+, 13), UV (acetonitnle) X m a x 277 5(sh). 284 5 (7030). 292(sh), £250 = I860 
and E2R2 = 6900 
Compound 24 Rf 0 49 (ElOAc/hexanes=l/2, ν/ν), a2,2 =-55 I (c=l 85, McOH), CIMS(70eV) exact mass caled 
for C20H27N3O3S m/7, 389 1773 (|M)+) Found 389 1770, m/z (relative intensity) 389 ([M)+, 59), 290 (18), 200 
( |Ci 2 Hi2N 2 0] + . 33), 144 ([C|oH|oN)+, 18), 57 ([С(СН)з]+. 18), 51 5(100). Ή NMR (400 MHz) (all assignments 
are based on COSY) δ 7 18 (dt, IH, J=7 7 Hz and J=l 3 Hz, C(10)H), 7 12 (dd, IH, J=7 4 Hz and J=0 9 Hz, C(12)H), 
6 76 (dt, IH, J=7 4 and J=0 9 Hz, C(l 1)H), 6 47 (d, IH, J=7 8 Hz, C(9)H), 5 36 (s, IH, C(13a)H), 5 22 (d, IH, J=13 8 
H/, C(4)H) 4 91 (dd, 1H, J= 13 8 Hz and J= 1 0 Hz, C(4)H), 4 63 (ddd, 1H, J= 10 3 Hz, J=7 2 Hz and J=2 3 Hz, C( 1 )H), 
3 91 (d, IH, J=7 2 Hz, C(13b)H), 3 58 (ddd, IH, J=10 0 Hz, J=8 7 Hz and J=3 0 Hz, C(7)H), 3 28 (br d, IH. J=10 3 
Hz, C(2)H), 3 24 (l, IH, J=9 8 Hz, C(7)H), 2 91 (s, 3H, CH3), 2 80 (dd, IH, J=l 1 7 Hz and J=10 6 Hz, C(2)H), 2 40 
(dt, IH, J=14 3 Hz and J=9 0 Hz, C(8)H), 2 17 (ddd, IH, J=13 8 Hz, J=10 3 Hz and J=2 9 Hz, C(8)H), 1 54 (s, 9H 
С(СНз)з), 1 3 C NMR (100 MHz) δ 155 43 C(=0)OtBu, 149 67 C(l2a), 132 36 C(8b), 128 95 C(l 1), 122 16 C(10), 
118 40 C(9), 106 89 C( 12), 93 42 C( 13a), 82 61 C( 13b), 81 35 СМез, 72 36 C(4), 61 46 C( 1 ), 56 75 C(8a), 53 04 
C(7), 35 04 C(2), 33 96 NCH3, 31 10 C(8), 28 38 С(СН3)з. UV (acetonitnle) X m a x 251 7 (7870), 300 0 (2570), 
e 2 82= 1200 
Compound 25 Rf 0 59 (EtOAc/hcxanes=l/2, ν/ν), a2)2 =-161 4 (c=2 20, MeOH), CIMS(70eV), m/z (relative 
intensity) 389 ([M]+, 100), 290(28), 200 ([Ci2Hi2N 2 0] + , 37), 144 ([Ci 0 Hi 0 N]+, 37), 57 ([C(CH)3]+, 27), Ή 
NMR (400 MHz) (all assignments arc based on NOESY) δ 7 26 7 10 (m, 2H, C(10) and C(12)H), 6 73 (dt, IH, J=7 5 
Hz and J=09 Hz), C(11)H), 6 40 (d. IH, J=7 8 Hz, C(I3)H), 5 38 (very br s. 1H. C( 14a)H), 5 19 (d. 1H, J= 11 6 Hz. 
C(5)Hct ). 4 83 (dd, IH. J=l 1 9 Hz and J=l 2 Hz. C(5)Hß), 4 50-3 50 (very br s, IH. C(2)H, 4 10-4 04 (m IH, 
С(З)НР), 3 98 (d IH. J=5 4 Hz. C(l)Hß). 3 54 (dd. IH. J=6 7 and J=9 0 Hz, C(8)Hct), 3 29 (dd, IH, J=109 and J=14 1 
Hz, C(3)Ha), 3 27-3 20 (m IH. C(8)Hß). 2 91 (s. 3H, NCH3), 2 28 (dd, IH, J=6 5 Hz and J=13 1 Hz, C(9)Hß). 1 97 
(dt. IH. J=6 6 Hz and J= 13 4 Hz, C(9)Ha), I 52 (s, 9H, C(CH)3). UV (acetonitnle) Xmax 251 6 (10500). 305 I 
(3200), E282= 1280 
Procedure A After stirring for an additional 15 min al room temperature the reaction mixture was worked up as 
described in procedure A 17h (160 mg, 0 37 mmol) and DIB AL (1 1 ml. of a IM solution hcxancs) gave after column 
chromatography (hexanes/CHCl3=l/4, v/v) 37 mg (25%) Ih and 81 mg (57%) 22h. The product ratio was determined 
by analytical HPLC lh/171=31/69 
Entry 9 Procedure A was followed Only the formation of by products was detected which could not be 
characterized 
Entry 10 Procedure A was followed using 17j (110 mg) and DIBAL (0 6 mL of a IM solution in hcxancs) 
Purification by column chromatography (EtOAc/hexanes=l/4, v/v) gave 3 unidentified fractions which were clearly not 
cycli7ed according to NMR (90 MHz) This experiment was repeated several times at different temperatures (-75°C to 
-60°C) and using different DIBAL amounts (up to 6 equivalents) without major changes in the product composition 
Entry 11 Procedure С 17k (200 mg, 0 43 mmol) was dissolved in CHCI3 (50 mL) To this vigourously stirred 
solution ТГА/Н2О (1/1, v/v, 2 mL) was added The resulting 2-phase system was stirred at room temperature The 
progress of the reaction was monitored by TLC (МеОН/СНС1з=7/93, v/v) After 7 days all starting malcnal had been 
consumed The reaction mixture was neutralized by careful addition of №НСОз while stirring Brine was added and the 
organic layer was dried (Na2SO,t) The product ratio was determined at this stage by analytical HPLC 
(acetonitnle/water=85/l 5, v/v, flow= I mL/min , λ=280 nm), retention lime (mm ) lg (7 8), 22g (5 3)) lg / 22g = 
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29 / 71. After evaporation of the solvent іл vacuo the residue was subjected to column chromatography 
(EtOAc/hexanes=l/2, v/v) to yield 82 mg (51%) of 22g and 33 mg (20%) of lg 
Entry 12: Procedure С was followed from 171 (220 mg, 0.49 mmol) which was consumed after stimng for 9 days 
The product ratio was determined by analytical HPLC (acetoniuilc/watcr=9/1, v/v, flow=l mL/min., λ=280 nm), 
retention time (mm.) II (4 5), 221 (5 9)) ratio 11/221 = 23 / 77. The residue was subjected to column 
chromatography (EtOAc/hexanes=l/2, v/v) to yield 64 mg (36%) 221, Rr 0.56 (EtOAc/hexanes=l/2, v/v); a " =+1.6 
(c=2.50, MeOH); CIMS(70eV) exact mass caled for C18H21N3O3S m/z, 359.1304 ((M)+). Found 359.1304, m/z 
(relative intensity) 359 ([M]+, 18). 202 (31), 186 ([Q | H | 0 N 2 O J + , 100), 144 ([Ci 0HioN]+, 10), 130 (rC 9 H 8 N] + , 5), 
41 ( [СзН 5 ) + , 26). Anal. Caled for C18H21N3O3S: C, 60 14; H, 5 89: N, 11.69 Found: C. 59 78; H, 5.95, N, 
11.38. and 23 mg (12%) II.; R f 0 31 (EtOAc/hexanes=l/2, v/v), a " =-58 8 (c=1.65. MeOH). CIMS(70eV) exact 
mass caled for C18H21N3O3S m/z, 359.1304 ([M]+). Found. 359 1302, m/z (relative intensity) 359 ([M]+. 13), 186 
([Cj i H i 0 N 2 O ] + , 100), 144 ([C] 0HioN]+, 8), 130 ([C 9H 8N]+, 5), 41 ([СзН 5]+, 32) both as white amorphous solids 
Entry 13: Procedure С was followed from 17m (250 mg, 0.68 mmol) which was consumed after stimng for 1 5 
hours By HPLC (acctonitnle/water=7/3, v/v, flow=l mL/min , λ=280 nm) only 1 product could be detected with a 
retention time of 8.1 minutes The residue was subjected to column chromatography (EtOAc/hexanes=l/4, v/v) to yield 
172 mg (92%) of 22d as a white crystalline solid In contrast to entries 11,12,14 and 15 no water was necessary to 
induce the PS condensation. A small scale (± 10 mg 17m) experiment was carried out according to procedure С 
without the addition of water. After 2.5 hours all starting material had been converted. Both TLC and HPLC showed 
that a clean reaction had occurred without the formation of side products. 
Entry 14: Procedure С was followed from 17n (75 nig, 0 2 mmol) which was stirred for 9 days. The progress of the 
reaction was monitored both by TLC (МеОН/СНС1з=7/9Э, v/v) and HPLC (for conditions see entry 5) After this 
period only 5% of the starting material had been consumed, as was confirmed by 90 MHz NMR after work-up. 
Entry 15: Procedure С was followed from 17o (100 mg, 0.21 mmol) which was stirred for 4 days The progress of 
the reaction was monitored both by TLC (EtOAc/hexanes=l/2, v/v) and HPLC (acetonitnle/watcr=9/l). After work-up 
and column chromatography (ElOAc/hexanes= 15/85, v/v) 22 mg (30%) of 22o, Rf 0.48 (EtOAc/hexancs= I/2, v/v); 
HPLC (acetonitnlc/watcr=9/l, v/v, flow=l mL/min , λ=282 nm). retention time (min ) 4 4, α?,2 =+29.6 (c=2 70, 
MeOH), CIMS(70eV) exact mass caled for Ci 6 H 1 6 N30 2 SF3 m/z, 371 0915 ([M]+) Found 371.0916; m/z (relative 
intensity) 371 ([M]+, 56), 186 ( [ C n H i o N 2 0 ] + , 100), 144 ([Ci0HioN]+, 32), 130 ([C 9 H g N] + , 34) and 11 mg (15%) 
lo; Rf 0 26 (EtOAc/hexanes=l/2, v/v), HPLC (acetonitnlc/watcr=9/l, v/v, flow=l mL/min., λ=282 nm), retention 
time (min.) 3.9; α2,2 =-43.2 (c=0.95, MeOH); CIMS(70eV) exact mass caled for C i 6 H i 6 N 3 0 2 S F 3 m/z, 371 0915 
([M]+). Found: 371.0910 m/z (relative intensity) 371 ([M]+, 37), 186 ([C] [ H 1 0 N 2 O ] + , 100). 144 ( [Ci 0 Hi 0 N] + , 21), 
130 ([C9HgN]+, 24) were both obtained as white solids. 
Entries 16-20· Procedure С was followed in combination with heating of the reaction mixtures at reflux The entries 
16-20 were earned out on resp. 0.43 mmol, 0.40 mmol, 0 21 mmol, 0.38 mmol and 0.33 mmol scales. Workup was 
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A Study toward the Diastereoselective 
Synthesis of Cis Tetracyclic Eudistomins 
via a 1-Hydroxy Trans Derivative 
3.1 Introduction 
In the preceding chapter it was concluded that the intramolecular Pictet-Spengler (PS) condensation 
approach predominantly leads to the undesired trans eudistomin diastereomer ' The best cis/trans ratio 
obtained was 30/70 for N(l)-Boc protected debromo eudistomin К (see scheme 2 10 in chapter 2) 
As the yield of the intramolecular PS condensation in the eudistomin series is 70% in average, only 
20% of the desired cis N( 1 )-Boc protected eudistomin is obtained Consequently, the efficiency of the 
intramolecular PS condensation is canceled out by a poor diastereoselectivity 
It should be possible however to take advantage of the fact that selectivity toward only the trans 
diastereomer can be achieved As depicted in scheme 3 1 diastereoselective synthesis of a trans C( 1 )-
hydroxy eudistomin derivative 1. followed by the introduction of the amino functionality by an S
n
2 
type reaction, such as the Mitsunobu reaction, should give eudistomins 2 with the natural C( I )H-
C(13b)H cis configuration In this chapter this approach will be worked out 
scheme 3.1 
Ci~О NUH CT~ 
Η 7 H \ D I A D · P P h i 






D I A D = iPrOjC- Ν: N- C02iPr HN3, Zn(N3VPy2 
Mainly because its exclusive S
n
2 type substitution the Mitsunobu reaction was chosen for the 
introduction of the amino group 2 Also activation of the hydroxyl group takes place in situ in the 
Mitsunobu approach, avoiding an extra "step Appropriate nitrogen nucleophiles, which can be 
conveniently transformed into a primary amine group are phthalimide3, diallyloxy ìmidodicarbonate4 
and hydrazoic acid5 or zinc azide bipyndate 
In scheme 3 2 the retrosynthesis of the required trans C(l)-hydroxy eudistomin is presented The 
build up of the Νι,-functionalized tryptamines 40 was accomplished by nucleophilic coupling of the 
Nb-protected N-hydroxytryptamines 3 or 4 with the chloromcthyl sulfides 11 





 R 2 ν :> Η 
1 J 3 P=Teoc 
40 R 1 0 * ^ * " + 4 P=Aloc 
1
 x v / \ . R 2 
R1 THP, tBDPS, Ally], Ac C l S \ 
R2 COOMe, CH(OEt)
 2 ц OR
1 
As is depicted in scheme 3 2, approaches from both α-alkoxy-ß-chloromethylthio esters and 
acetáis 11 were studied As described in chapter 2, free aldehydes, which are essential in the 
intramolecular PS condensation, can be generated m situ by DIBAL reduction of methyl esters at low 
temperature or by hydrolysis of acetáis Gram scale quantities of eudistomins are needed for extensive 
biological studies Therefore, it is necessary that the corresponding methyl ester and acetal precursors 
can conveniently be synthesized in optically pure form m multigram quantities In this chapter several 
asymmetric approaches will be discussed toward both the methyl ester and the acetal type 2-аІкоху-Э-
(chloromethylthio)-propionaldehyde precursors 11 illustrated in scheme 3 2 
Several protective groups R were introduced in order to achieve a high trans selectivity during the 
PS condensation 
3.2 Synthesis of the 2-AIkoxy-3-(chloromethylthio)-
Propionaldehyde Precursors 
3.2.1 Synthesis of a Chloromethyl Sulfide Derived from Methyl L-
Glycerate 
For the synthesis of chloromethyl sulfide 11a (scheme 3 3) commercially available methyl α,β-
isopropylidene-L-glycerate 5 was chosen as the starting compound After removal of the acetonide by 
treatment with aqueous acetic acid it was necessary to protect the primary alcohol (as a tBDMS ether) 
since direct tosylation of the primary alcohol led to extensive elimination Introduction of the THP 
protective group on the remaining secondary alcohol followed by removal of the tBDMS group gave 
8 in 69% yield The primary alcohol was converted into the chloromethyl sulfide Ha in a standard 
manner via the tosylate 9a and thioacetate 10a in an overall yield of 53% 
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scheme 3.3 
О О О 
0-^Y^OMe -^L tBDPSO-^ Y^^ OMe - ^ * ΗΟ^γ^ΟΜβ 
J\- ° ОН OTHP 
I 5 7 8 
О О О 
T s < y y O M e - A c S ^ Y ' O M e - С Г S J ^ OMe 
OTHP OTHP OTHP 
9a 10a l i a 
0 80% HOAc, 5 days; ii) iBDPS-Cl, imidazole, DMF; iu) DHP, PTS, CH2Cl2; iv) Bn,NF, THF; ν) TsCl 
pyridine; vi) CsSAc, DMF; vu) NaOMe, MeOH, νιιι) ВгСЦСІ, KOH(s), EtjBnNCl 
3.2.2 Synthesis of Chloromethyl Sulfides Derived from (L)-
Glyceraldehyde Acetal 
As will be discussed in section 3.4, the approach from methyl esters suffered from base induced 
racemization. In chapter 2 it was already mentioned that acetáis also give smooth PS cyclization after 
in situ formation of the more reactive aldehyde by acid catalyzed hydrolysis of the acetáis. Therefore 
эиг attention was focussed on the synthesis of (L)-glyceraldehyde acetal derived chloromethyl 
sulfides, lacking the acidic α-proton. For the synthesis of these (L)-glyceraldehyde derivatives two 
fundamentally different pathways were investigated (scheme 3.4): 
» Route A: Chiral pool approach from commercially available enantiopure acetonides 5 and 6. 
» Route B: Introduction of chirality by asymmetric dihydroxylation of acrolein acetáis 12-15. 
scheme 3.4 
Cr\ OR2 
СГ ^ S ^ γ " ^ OR2 
OR1 
5: R = COOMe 11 
6: R = CH2OH 




^ ' ' ^OR 2 
12: R2= Et 
13: R2= iPr 
14: R2= Bn 
15:R2,R2=30 
As is shown in scheme 3.4 both commercially available enantiopure methyl α,β-isopropylidene-
(L)-glyccrate 5 and (Ä)-2,2-dimethyl-l,3-dioxolane-4-methanol 6 were studied as possible 
glyceraldehyde precursors. Because the chloromethyl sulfide moiety is introduced by our own 
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standard manner from the primary hydroxyl group, (L)-glyceraldehyde itself seems to be the most 
straightforward starting compound Although cnantiopure α,β-isopropylidene-L-glyceraldehyde (i e 
5 or 6 with R=CHO, scheme 3 4) can be obtained conveniently in multigram quantities by 
degradation of ascorbic acid , it cannot be used as a starting compound because the essential 
acetonide protective group is not compatible with the acetal protected aldehyde 
Synthesis from methyl α.β-isopropylidene-L-glycerate 5. 
The objective was synthesis of the chloromethyl sulfide l i e (see scheme 3.11) with the hydroxy 
group, positioned α toward the diethyl acetal, protected as a THP ether Unfortunately direct DIB AL 
reduction of the previously described primary tosylate 9a (see scheme 3.3) gave a mixture of 
compounds Most probably elimination of the tosyl group caused the side reactions Therefore the 
primary alcohol was first protected as a tBDMS ether followed by the introduction of the THP 
protective group to give 17 in overall 65% yield from 5 
DIBAL reduction of tBDMS protected 17 gave the aldehyde 18 in 76% yield Subsequent 
treatment of the aldehyde with tnethyl orthoformate and TsOH in ethanol led to considerable removal 
of the THP protective group to give the free secondary alcohol 20 as the main product in 50% yield 
By substituting TsOH by Ihe milder citric acid in the acetahzation no conversion of the aldehyde could 
be observed 
scheme 3.5 
O O OEt 
I B D M S O ^ N ^ O M e *" t B D M S O ' ^ Y ' ' ^ H *" t B D M S O ' ^ Y ^ O E t 
OTHP OTHP OR 
17 18 19 R= THP, 15% 
20: R = OH, 50% 
¡) DlBAl. CH2Cl2 75 °C. n> HC(OEt)3, TsOH, EtOH 
To circumvent this deprotection, the acid labile THP group was replaced by the ally I protective 
group Allylation of 16 (scheme 3 6) had to be carried out under neutral conditions in order to avoid 
base induced racemization This was accomplished in quantitative yield with allylelhyl carbonate in 
the presence of a catalytic amount of Pd(0) 8 It should be noted however that this method proved not 
to be reproducible Although the reaction was always carried out in dried glass equipment under an 
argon atmosphere with freshly distilled THF (over NaH) it failed several times It did not become 
clear which impurity caused inhibition of the Pd(0) catalyzed allylation 9 After reduction of the methyl 
ester 21 with DIBAL, the crude aldehyde was treated with tnethyl orthoformate and TsOH in ethanol 
to yield the free primary alcohol 22 in 79% This alcohol was converted to the chloromethyl sulfide 
l ib in a standard fashion in overall 48% yield Because the Pd(0) catalyzed allylation could not be 
reproduced this promising approach had to be abandoned Nevertheless, the chloromethyl sulfide 
l ib was converted to the final tetracyclic eudistomin skeleton. 
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O O OEt 
t B D M S O ^ Y ^ O M e _ ! ^ t B D M S O ^ ^ O M e JLOL. H O ^ ^ O E t _H+ 
OH OAllyl OAllyl 
16 21 22 
OEt OEt OEt 
T s O ^ V ^ O E t ^L+ A c S - ^ y ^ O E t ^ C I ^ S ' ^ Y ^ O E t 
9b O A " y l 1 0 b ° A l l y l l i b 0 A l l y ' 
ι) Pd(0)2dba ,, allylethyl carbonate. THF, reflux n) DIBAL, CH2Cl2, -75°C, m) HC(OEt)j. TsOH, EtOH, 
tv) TsCl, pyridine, v) CsSAc, DMF, vt) NaOMe, MeOH. vu) BCH2Cl, KOH(s), EtfinNCl 
Synthesis from iPO-2.2-dimethyl-1.3-dioxolane-4-methanol 6: 
The objective was the synthesis of the chloromethyl sulfide l i e (scheme 3 11) First, 6 was 
converted into (R)-l-tosyloxy-3-(/err-butyldiphenylsilyloxy)-2-propanol 23 as described in the 
literature 1 0 Protection of the remaining secondary alcohol as a THP ether and removal of the tBDPS 
group gave 24 in 76% yield It turned out that tosylate 24 decomposes over night at room 
temperature but storage is possible in the refrigerator Selective oxidation of the primary alcohol to the 
corresponding aldehyde could not be accomplished Both Swern and PCC12 oxidation gave a 
complex mixture of products The only product that could be isolated in both approaches was the 
α,β-unsaturated aldehyde 25, formed by elimination of the tosyloxy group 
scheme 3.7 
О 
O-^V-^OH TsO^V^OtBDPS TsO^N^^OH ^ ^ н 
\ A i, и * ш ν I vi 1 
-"Г"'
 0 H
 OTHP OTHP 
6 23 24 25 
ι) tBDPS-Cl, imidazole, DMF, n) 90% HOAc.AT, tu) TsCl, pyridine, tv) DHP, TsOH, CH2Cl2, v) BU4NF, THF, 
(COCl)2, DMSO, CH2Cl2, Et3N or PCC, CH2Cl2 
This undcsired elimination can be avoided by substitution of the tosyl group in 24 by a protective 
group, compatible with the tBDPS and THP group (/ e an allyl group) However, this route was 
abandoned because the extra reaction steps necessary would give an unacceptable long synthesis path 
toward the final chloromethyl sulfide 
• Asymmetric Dihydroxylation of Acrolein Acetáis (route B) 
Asymmetric dihydroxylation (AD) of acrolein acetáis directly yields a stable masked 
glyceraldehyde derivative. Synthesis of a glyceraldehyde acetal with high optical punty by means of 
catalytic AD of 3-vinyl-l,5-dihydro-3//-2,4-benzodioxepine 15 was recently published by Sharpless 
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and coworkers.13 The osmium tetroxide catalyzed dihydroxylation is accelerated and asymmetrically 
steered by the ligand hydroquinidine-0-(9'-phenanthryl) ether (DHQD-PHN).14 
scheme 3.8 









60% (97% ее) J recryst. 
High enantioselectivity could only be achieved with the benzodioxepine protected aldehyde. AD of 
open acetáis just like other cyclic acetáis gave lower ee's. Recently, Sharpless and coworkers 
published a highly improved AD procedure using the newly designed ligand hydroquinidine 1,4-





C T ^ 4 
NN l N 
MeO OMe 
hydroquinidine 1,4-phtalazinediyl ether 
(DHQD)
 2PHAL ligand used inAD-mixß 
Because the newly designed ligand outperformed its predecessors in every way, AD's of diethyl, 
diisopropyl and dibenzyl acrolein acetáis 12-14 were investigated. The benzodioxepine protected 
aldehyde cannot be hydrolyzed mildly, eliminating the possibility of in situ formation of the free 
aldehyde as is necessary for the PS condensation. 
Synthesis of both diisopropyl and dibenzyl acrolein acetáis 13 and 14 were performed in a 
standard manner from the corresponding orthoesters and acrolein. AD of 12-14 using the improved 
ligand gave the diols 27-29 in yields of 92%, 84% and 99%, respectively (scheme 3.9). 
scheme 3.9 
OR OR 
^ 4 > R 
12R = Et 
13tR=iPr 
14R = Bn 






(S)-3QR = Et 
(S)-31R = iPr 
(S)-32R = Bn 
i)AD-mbcß(K2Os02<OH)4. K3Fe(CN)6. DHQD-PHAL K2C03), lBuOH/H20, 4°C; ii) 1,2-OMP, PPTS, CH2Cl2 
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To define the e e of the AD the resulting diols were protected as their acetonides (S)-30-32 
Acetahzation of the readily available α,β-isopropylidene-D-glyceraldehyde from D-mannitol7 gave the 
optically pure acetáis (R)-30-32, enabling the exact determination of both the ее and absolute 
stereochemistry of the AD (scheme 3 10) 
Scheme 3.10 
O - i 






^ O - ^ - ^ O R (R)-3Q R = Et (R)-31R=iPr 
(R)-32R = Bn 
ι) NaI04, aq NaHCOj, ii) HC(OR)3 PPTS ROH 
The data shown in table 3 1 show that the ee's of the AD of open acrolein acetáis were also 
disappointing with the new ligand (DHQD)2PHAL The absolute configuration is however in 
accordance with the mnemonic picture designed by Sharpless used for selection of the correct AD-
mix 16 
table 3.1 OR 





a D (Mannitol) a D (AD-mix β) | ее AD (%) 










As mentioned in the beginning of the chapter optical purity of the chloromethyl sulfides is essential 
and the ee's should exceed at least 90% Therefore, AD of open acetáis was abandoned and the 
original route explored by Sharpless and coworkers was followed 13 
After tosylation of the primary alcohol in diol 26 (scheme 3 8) to give 35 (scheme 3 11) the 
benzodioxepine ring was removed by catalytic hydrogénation, to give the aldehyde which was re-
protected without purification as a diethyl acetal by treatment with tnethyl orthoformate and TsOH in 
ethanol to give 36 in overall quantitative yield Acid-catalyzed acetahzation of α-hydroxy aldehydes 
can be performed without loss of optical purity The secondary hydroxyl group in 36 has been 
protected with several groups The THP group was introduced quantitatively by treatment with 
dihydropyran and PPTS in dichloromethane to give 9e TsOH instead of PPTS gave a mixture of 
compounds caused by decomposition of the diethyl acetal moiety Both tBDPS and acetyl protective 
groups were introduced using standard procedures giving 9d and 9f in yields of 94% and 95%, 
respectively Transformation of the tosylates 9d, 9e into the chloromethylsulfides lid, l i e was 
carried out by standard procedures in overall yields of 68% and 66%, respectively 
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i, it followed by _ _ . ' ^ \ ^ ^ 4 · — ,-. vi-viii .•-*. / ч . .ζ·^ 
Í ¿ TsO γ OEt ^ C I ^ ^ S ^ p OEt 
lii, iv or v, resp.
 Q R 1 Q R 1 
| 3 6 : R ' = H l l d :R ' = iBDPS 
—- 9d : R1 = tBDPS l i e : R1 = THP 
—*- 9e:R' = THP 
»- Of · и 1 - До 
ι) Pd/C. H2; η) НС(ОЕі)з. TsOH. EtOH. iti) tBDPSCl. imidazole. DMF; iv) Ac20. pyridine v) DHP. PPTS. 
CH2Cl2; vi) CsSAc. DMF; vii) NaOMe, ШОН: viti) BrCH2C¡, KOH(s). Et3BnNCl 
During thioacylation of tosylate 9f neighboring group participation played a role (scheme 3.12). 
scheme 3.12 
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AcS Y OEt + AcO 
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OEt 
lOf 38 SAc 
Intramolecular nucleophilic attack of the acetyl carbonyl at the electrophilic carbon to which the 
tosyl group is attached gives the relatively stable oxonium-ion 37. Subsequent nucleophilic attack 
of cesium thiolate takes place at both electrophilic carbon atoms, giving the thioacelates 1 Of and 38 in 
71% yield in about the same ratio. Thioacetate lOf was not transformed into the corresponding 
chloromethyl sulfide because its synthesis was not efficient. 
To check the optical integrity during the reaction steps toward the eudistomin skeleton, diols 29 
and 27, obtained by direct AD of the corresponding acyclic acrolein acetáis whith known optical 



















: R'=Ac, R^Bn 
: R'=tBDPS, R2=Et 
:11c 
: l i d 
/) TsCl, pyridine, u) tBDPSCl. imidazole. DMF or Ac20, pyridine, in) CsSAc, DMF; iv) NaOMe. MeOH, 
v) BrCH2Cl. KOH(s). EißnNCl 
49 
CHAPTER 3 
After transformation of the primary alcohols in 27 and 29 into their tosylates, the secondary 
alcohols were functionalized. The secondary alcohol in 27 was silylated by treatment with tert-butyl 
diphenylsilyl chloride to give 9d in 80% yield. The secondary alcohol in 29 was acylated by 
treatment with acetic acid anhydride to give 9c in 94% yield. Transformation of the tosylaies 9c,d 
into the chloromethyl sulfides llc.d was accomplished via our established procedure in overall 53% 
and 68% yields, respectively. It should be noted here that no side products were detected resulting 
from neighboring group participation during thioacylation of dibenzyl acetal 9c as was observed for 
diethyl acetal 9f. Apparently, steric repulsion of the more bulky O-benzyl groups combined with the 
electron withdrawing ability of the dibenzyl acetal prevents attack of the thioacetate at the central 
carbon atom. 
In table 3.2 all chloromethyl sulfides described in this section are summarized. It is important to 
note that the optical purity of none of these chloromethyl sulfides has been determined. It was 
checked however, by measurement of the optical rotation of the thioacetates that no complete 
racemization had occurred. Complete optical characterization has been omitted because it is unclear if 
the enantiomeric excess will be retained in the synthesis sequence leading to the final eudistomins. 
The optical purities of the final trans hydroxy eudistomins will indicate which chloromethyl sulfide is 
most suitable. 














AD of acrolein dibenzyl acetal 
AD of acrolein diethyl acetal and acrolein 
benzodioxepine acetal 
AD of acrolein benzodioxepine acetal 
3.3 Alkylation of Nb-Protected Nb-Hydroxy-
tryptamines with Chloromethyl Sulfides 
Derivatived from Glyceraldehyde 
Alkylation of the Nb-protccted Nb-hydroxytryptamines 329 or 4 (see exp. part) with chloromethyl 
sulfides lla-e was carried out using the procedure described in chapter 2. Replacement of the Teoc 
group in 3 by the Aloe group as in 4 was necessary because the Teoc protective group in 3 is not 
compatible with the tBDPS group in the synthesis of 40d. The synthesis of 39c,e was also 
performed from 4. 
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scheme 3.14 
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It should be mentioned here that only in the approach to 39a 1,5 equivalent chloromethyl sulfide 
(i e Ha) was used with respect to Nb-Teoc-Nb-hydroxytryptamine 3. In the approaches to 39b-e 
the chloromethyl sulfides llb-e can be used in equimolar amounts because no acidic α-proton is 
present.19 The solution of the sodium alkoxides from 3 or 4 was dropped into the stirred solution of 
the in situ formed ìodomethyl sulfides from lla-e at such rate (3-6 hours) that the pH remained near 
to neutral After removal of the Teoc (39a,b) or Aloe (39c-e) groups, 40a-e were isolated in overall 
yields of 86%, 61%, 45%, 65% and 81%, respectively 
For the initial alkylation experiments leading to THP protected 39a (or 39e), TLC analysis 
showed clean product formation, but after removal of the solvent under reduced pressure several side 
products had been formed In addition to small amounts of the desired 39a (or 39e) and some 
undefined compounds, a product was isolated in 58% yield, which showed no indole-NH in the ·Η-
NMR spectrum After subsequent removal of the Nb-Teoc group, this product was identified as 41 







C0 2 Me 
As is shown in scheme 3.15, attempted removal of the THP group in 41, by treatment with 
НОАс/НгО in THF, failed, due to another shift of the THP group, now to the indole 2-position 
giving 42 in a 96% yield 
Most likely the formation of products of the type 41 occurs after the formation of small amounts 
of hydroiodic acid, liberated after decomposition of the rather unstable ìodomethyl sulfide (which is 
used in excess in the preparation of 39a). When concentrated, the strong acid induces the transfer of 
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the THP group from oxygen to the indole nitrogen. It was found that this problem could be solved 
easily by addition of a few mL sat. ІЧаНСОз before removal of the solvent. Also the silica used for 
flash chromatography was precautionary deactivated with triethylamine. 
3.4 Cyclization Reactions 
The availability of 40a-e now sets the scene for the study of the diastereoselectivity of the 
intramolecular PS reaction In entry 1 (scheme 3.16) the aldehyde is generated by DIBAL reduction 
of the methyl ester at -75eC followed by addition of trifluoroacetic acid at the same temperature to 
induce the PS condensation. The favored trans diastereomer was formed in an outstanding excess of 
92%. After removal of the THP protective group the cis/trans diastereomers could be separated by 
flash column chromatography. The reaction was carried out several times and it was found that the 
yield of the DIBAL reduction varied (42-59%). Unfortunately, also the ее is disappointing and 
racemization has most probable occurred during both alkylation of the tryptamine fragment with the 
chloromethyl sulfide and the DIBAL reduction. 
scheme 3.16 
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AD of 14 
AD of 12 
AD of 15 
AD of 15 | 
0
 The cis/lrans ratios were determined by analytical HPLC After removal of protective group R^  
c
 The ee's italed in the entries 3, 4 and 5 are those found after the AD The ee's stated in entries 1 and 2 arc 
calculated from these 
Therefore, the approach from methyl esters had to be abandoned. In chapter 2 it was already 
mentioned thai acetáis give smooth PS cyclization only after in situ hydrolysis to the more reactive 
aldehydes. Also it was found that the best yields were obtained using an efficiently stirred 2-phase 
system chloroform/water/tnfluoroacetic acid (98/1/1, v/v/v). Application of this 2-phase system in 
entry 2, however, gave a complex mixture of products. The method of choice turned out to be 
hydrolysis of the acetáis in formic acid/water (9/1, v/v). The reactions in entries 2,4, 5 and 6 were 
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completed within one hour at room temperature Removal of the respective allyl and tBDPS protective 
groups followed by separation of the diastereomers by flash chromatography gave the free hydroxy 
eudistomins in good overall yields In entry 3 the acetyl protective group with its electron 
withdrawing ability, retards hydrolysis of the acetal function The reaction now took 1,5 hours at 
60°C to come to completion leading to a decreased yield It was also necessary to exclude oxygen 
from the reaction mixture to avoid oxidation of the released benzyl alcohol to benzaldehyde leading to 
a competitive PS condensation Removal of the acetyl group was carried out under mild 
transestenfication conditions using a catalytic amount of potassium cyanide in methanol 21 
The trans diastereomers in entries 2 and 3 are formed in a moderate 60% excess Although the 
tBDPS group in entry 4 is the most bulky protective group used it gave the lowest d e (40%) As is 
discussed in the preceding chapter the minimum stenc hindrance exerted by the substituent R1 is 
mainly responsible for the cis/trans ratio 22 Probably, the long O-Si bond length (1 75 Â) compared 
to the O-C bond length ( 1 40 A) is responsible for the bad diastereoselectivity in entry 4 
It is evident that the ee's in entries 2-5 are significantly higher than in entry 1 The ratio of the 
measured optical rotations of the cis/trans hydroxy eudistomins 43,1, isolated in entries 3, 4 and 5, 
were identical with those found directly after the AD s of the corresponding acrolein acetáis as stated 
in table 3 3 (sec exp part) This justifies the supposition that no further racemization has occurred 
and the ее s in entries 3, 4 and 5 remained 60%, 54% and 97%, respectively The ee's in entries 1 
and 2 are thus calculated from the data found in entries 3, 4 and 5 From entry 2 it can be concluded 
that the DIBAL reduction of methyl glycerates also suffers from considerable racemization It is very 
unlikely that racemization has taken place elswhere in the reaction sequence to the tetracyclic skeleton 
{vide supra) Thus, the method of choice for the synthesis of nearly optically pure 1-hydroxy-
eudistomins starts from acrolein benzodioxepine acetal followed by the novel Sharpless catalytic AD 
In entry 6 the objective was to combine the optical purity found in entry 5 with the high trans 
selectiMty found in entry 1 But again the THP protective group caused problems No cyclized 
products were isolated in entry 6 Like the side reactions mentioned in section 3 3, the NMR spectra 
of the two main products isolated in entry 6 showed migration of the THP group In entry 1 
however, were a free aldehyde, obtained by DIBAL reduction of the methyl ester, is used the PS 
condensation occurced without THP group migration Addition of tnfluoroacetic acid after the DIBAL 
reduction immediately gives the intermediate cyclic iminium-ion Reaction of the indole unit with the 
highly reactive îminium ion is apparantly faster than attack of the indole nitrogen on the protonatcd 
THP group Once the rigid tetracyclic cudistomin skeleton is formed, intramolecular attack of the 
indole part on the protonated THP group is impossible Therefore it is concluded that intramolecular 
migration of the THP group proceeds much faster than hydrolysis of the diethyl acetal in entry 6 to 
give the corresponding aldehyde 
Thus, despite giving the best diastereomenc excess toward the wanted trans 1-hydroxy-eudistomin 
derivative, the THP protective group is not applicable in the acetal approach In spite of the moderate 
d e , the tBDPS group is the only usable secondary hydroxy protective group fulfilling all remaining 
requirements, being (next page) 
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- Protection must be earned out under near neutral conditions (basic conditions will lead to 
elimination of the tosyloxy group while the lability of the acetal functionality causes problems in 
acidic conditions) 
- Stable toward base treatment during the alkylation of Nb-hydroxy-tryptamine with the 
ïodomethyl sulfide 
- Stable toward acid treatment used in the cychzation reaction 
In scheme 3 17 the best synthesis route to nearly optically pure 1 is presented 
scheme 3.17 
sO>- TsO çP III, IV V, 












40d 1 (97% e e ) 
ι) AD mix β, lBuOH/H20=l/l, 4°С, и) TsCl pyridine RT ш) Pd/C, H2, ElOH. ιν) HC(OEt)3. EtOH. TsOH. v) 
tBDPS Cl, imidazole DMF. RT vi) CsSAc. DMF vii) NaOMe. MeOH, vin) ВтСНгСІ, KOH(s) Et}BnNCl ix) 
Et3NHC02H. Pd(OAc)2, PPh}. MeCN/H20=4/l. reflux, χ) HC02H/H20=9/I χι) Bu4NF. THF 
3.5 Introduction of the Amino Group via the 
Mitsunobu Reaction 
For the introduction of an amino group by S„2 type nucleophilic substitution of an activated 
hydroxyl group the following methods can be applied-
- Substitution of a tosylate, mesylate or inflate by Gabriel or azide type nucleophiles, followed 
by transformation into the free amine or via direct nucleophilic displacement with amines3 
- The Mitsunobu reaction with Gabriel type acids or hydrazoic acid followed by transformation 
into the free amine 
The Mitsunobu reaction was chosen mainly because of its very reliable stereochemical course 
combined with good yields 2 In the few cases mentioned in the literature where retention was found 
after the Mitsunobu reaction, always neighboring group participation was involved and not a 
competitive S„ 1 process 2 3 The Mitsunobu reaction was also chosen because the hydroxyl group is 
transformed into the very efficient phosphonium leaving group in situ, avoiding an extra step It is 
described in the literature that the yield of the Mitsunobu reaction depends highly on the pK
a
 of the 
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used acids incorporating the nucleophiles as their conjugated bases To obtain satisfactory yields 
the pK
a
 must be <14 Suitable acids which were studied and meet this requirement, combined with 
;ase of transformation to free amines are phthahmide (pK
a





=4 7) and Zn(N3)2'2Py 
Successful experiments were carried out with phthahmide The yield of phthahmide introduction 
was optimized to 83% However, all attempts to remove the phthahmide group failed By 
hydrazinolyses with hydrazine monohydrate or hydrazine acetate at room temperature over night no 
:onversion of the starting material could be detected Raising the temperature with hydrazine 
monohydrate in THF to 50°C gave conversion of the starting material into a product with a lower Rf-
value than the desired debromo eudistomin К Similar observations were made by addition of an 
aqeous methylamine solution to 45a in benzene It was reasoned that this side product emerged from 
fission of the N-O bond in the 7-membered ring system That this was not the case will be discussed 
further on in this section 
Next, our attention was focussed on (Aloc^NH which is an acyclic ìmide containing two easy 
removable Aloe protective groups Synthesis of (Aloc)2NH was accomplished from diallyl 
dicarbonate and formamide following a literature procedure 25 Although several attempts were made, 
no succesful Mitsunobu reaction with the acyclic ìmide could be accomplished It was reasoned that 
stene factors prevented the acyclic lmide to attack the intermediate phosphonium salt 
This assumption could however be disproved because the very small azide nucleophile derived 
from hydra70ic acid also failed to give the desired product Introduction of the azide group was 
however possible with the stable metal salt Zn(N3)2*2Py which was synthesized according to a 
literature procedure 6 Two products were isolated in yields of 41-59% and 5 12%, respectively, both 
incorporating the ß-carboline moiety as shown by NMR Later these products were characterized as 
45b and 46b, respectively 
Several methods were applied to reduce the azide group into the amine group but in neither case 
formation of the cis eudistomin skeleton was detected by TLC After reduction of the azide moiety in 
45b with the very mild and selective reducing agent propane-1,3-dithiol product 47 was formed 
which had a smaller TLC Rf-value then the desired cis debromo eudistomin К and turned out to be 
identical with the product obtained after the removal of the phthahmide group The side product 46b 
was also treated with propane-1,3-dithiol yielding trans debromo eudistomin К 48 
Now it became clear that during the Mitsunobu reaction transannular anchimeric assistance had 
taken place from the sulfur atom positioned β with respect to the phosphonium leaving group 
(scheme 3 18) After formation of the highly reactive phosphonium group immediate transannular 
attack of the sulfur atom occurs to give the th 11 rane containing intermediate 44 Now nucleophilic 
attack at the secondary or tertiary (electrophilic) carbon atoms is possible to give the ring contracted 
compound 45b or the trans eudistomin derivative 46b, respectively Formation of the ring contracted 
products 45a,b is favored because of the less hindered attack at a secondary carbon atom in 
combination with the formation of a favored 6-membered oxathiapyndine ring system, which is most 
pronounced for the larger phthahmide nucleophile 
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It must be concluded now that transformation of the C(l)-hydroxy in a good leaving group 
inevitably gives neighboring group participation of the ß-positioned sulfur atom followed by the 
formation of side products 
3.6 Concluding Remarks 
A diastereoselective synthesis (d e =92%) of a trans-C( I )-hydroxy eudistomin is possible by 
using the THP group as a directing group in the intramolecular PS condensation Unfortunately, by 
generation of the aldehyde needed in the PS condensation by DIB AL reduction of the a-alkoxy-ester 
most of the optical purity is lost High optical purity (e e=97%) is however possible by utilizing a-
alkoxy-acetals, obtained by asymmetric dihydroxylation of a specific acrolein acetal, which is 
hydrolyzed in situ to the free aldehyde as is necessary in these PS condensations Under these 
conditions however, the THP group cannot be used and has to be replaced by the acid-stable tBDPS 
group However, the tBDPS group gives only a moderate diastereoselectivity (d e =36%) Finally, 
transformation of trans-C( 1 )-hydroxy eudistomin into the naturally occurring and biological active 
rii-C(l)-amino-eudistomin failed due to an inevitable transannular neighboring group participation 
Combining these facts with the conclusion drawn in chapter 2 that via the iwframolecular PS 
condensation no cis diastereoselectivity required for the natural tetracyclic eudistomin series can be 
achieved one may question the use of this strategy In chapter 1 it was already mentioned that in the 
intermolecular PS approach as applied by Nakagawa and coworkers, diastereoselectivity toward the 
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desired cis diastereomer was achieved. However, ringclosure of the 7-membered [1,6,2]-
oxathiazepine could not be optimized further than 22% using the Pummerer reaction 2 7 The approach 
by Yoon and coworkers who closed the oxathiazepine in 50% yield by utilizing our 2-phase reaction 
with bromochloromethane and powdered KOH catalyzed by benzyltnethylammonium chloride might 
be promising 2 8 Therefore, it seems obvious that further optimizing of this ringclosure after the 
miermolecular PS condensation gives the best prospects to synthesis of multigram quantities of 
tetracyclic eudistomins. 
3.7 Experimental part 
For general remarks see the experimental part of chapter 2 
3-[2-(N-allyloxycarbonyl-N-hydroxy)amino)ethyl]indole (4) To 3-(2-hydroxyaminoethyI)-mdole29 
(6 14 g, 35 7 mmol) in dioxane/dichloromcthanc (150 mL, 1/1, v/v) was added Aloc-ONSu (7 81 g, 39 3 mmol), 
tausing a slight raise in temperature After 3 h all starting material had been consumed as was indicated by TLC 
(СНСІз/МеОН=93/7, v/v) The reaction mixture was concentrated to dryness, dissolved in EtOAc (ISO mL) and washed 
with sat ЫаНСОз (2 χ 50 mL) and brine After drying (MgSCU) the solvent was evaporated HI vacuo and the residue 
was subjected to column chromatography (EtOAc/hexanes=l/l, v/v) to yield 8 0 g (86%) of 4 as colorless crystals, mp 
79 82°C, Rf 0 40 (EtOAc/hexanes=l/l, v/v), Ή NMR (90 MHz) δ 8 82 (br s, IH, indole-NH), 7 76-7 52 (m, IH, 
indole-C(7)H), 7 42-7 03 (m, 4H, indole-C(2)H and C(4)-C(6)H3), 5 96-5 54 (m, IH, Н 2 С=Ш-СН 2 ), 5 19-5 07 (m, 
2H, H2£=CH-CH2), 4 42 (dl, 2H, J=5 8 Hz and J=l 0 H?, Н2С=СН-СЛ2), 4-2 5 (very br s, IH, NOH), 3 94-3 76 (m, 
2H, C(3)CH?CH2N). 3 20 3 04 (m, 2H, C(3)CÜ2CH2N), Anal Caled for ^ 4 Η | 6 Ν 2 0 3 · 1 / 2 Η 2 0 С, 62 44, H, 
6 36, Ν, 10 40 Found С, 62 66, Η, 6 19, Ν, 10 34 
Methyl (S)-3-hydroxy-2-(2-tetrahydropyranyIoxy)propanoate (8) To 7 ^ (19 2 g, 53 6 mmol) and 
2,3-dihydro-2W-pyran (9 0 g, 108 mmol) in dry THF (50 mL) was added TsOH-H20 (10 mg) After completion of the 
reaction (15 h) sal ЫаНСОз 0 m L ) w a - s ¿dded and the volatiles were evaporated ш vacuo The residue was dissolved in 
EtOAc and subsequently washed with sat ЫаНСОз a r ) d brine The organic layer was dried (MgS04) and evaporated in 
vacuo The residue (Rf 0 54, EtOAc/hcxancs= 1/2, v/v) was dissolved in dry THF (25 mL) and BU4NF (54 mL of a 1M 
solution m THF) was added After TLC analysis showed complete conversion of the starting material ( 1 h) the volatiles 
were evaporated m vacuo and the residue was subjected to column chromatography (fctOAc/hexanes=l/l, v/v) to yield 
7 6 g (69% from 7) of 8 as a mixture of diaslereomers, Rf 0 12 (EtOAc/hexanes=l/l, v/v), ' H NMR (90 MHz) 6 4 93 
4 49 (m, Ш ОСН(СН2)з), 4 42 and 4 29 (t and dd, IH, J=5 1 Hz resp J=3 8 Hz and J=5 8 H?, OCH7CH). 4 09-3 74 
(m, 2H, ОШ2СН), 3 80 and 3 78 (2xs, 3H, OCH3), 3 63-3 43 (m, 2H, OC_H2(CH2)3), 2 75 (very br s, exchangeable, 
IH, OH), 1 93-1 39 (m, 6H, OCH2(CÜ2h) 
The acrolein acetáis 13 and 14 were prepared according to a literature procedure31 from acrolein and the 
corresponding orthoeslers The orthoesters were prepared by an exchange reaction from tricthyl orthoformate and the 
corresponding alcohols in the presence of a catalytic amount TsOH«H20 and removal of the formed ethanol by 
distillation 3 2 For the preparation of 15, sec ref-3 
Methyl (S)-2-hydroxy-3-((«rt-butyldimethylsilyloxy)propanoate (16) To methyl ¿-glycerate10 (6 5 
g, 54 mmol) and imidazole (11 g, 162 mmol) in DMF (50 mL) was added ferf-bulyldimelhylsilyl chloride (8 1 g, 54 
mmol) After standing for 2 h at room temperature the solvent was evaporated m vacuo The residue was dissolved in 
EtOAc and subsequently washed was 20% citric acid (2x50 mL), sat ЫаСОз and brine After drying (MgSOa) the 
solvent was evaporated m vacuo and the residue was subjected to column chromatography (EtOAc/hexanes=l/5, v/v) to 
yield 9 7 g (77%) of 16 as a colorless oil, Rf 0 24 (EtOAc/hexanes=l/4, v/v), Ή NMR (90 MHz) δ 4 28-4 14 (m, 
IH, СНчСН). 4 00-3 74 (m, 2H, ÇRiCH), 3 70 (s, 3H, OCH3), 3 00 (d, exchangeable, IH, J=7 4 Hz, OH), 0 79 (s, 
9H, С(СНз)з) 0 00 (s, 6H, Si(CH3)2) 
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Methyl (5)-3-(<er(-butyldimethylsilyloxy)-2-(2-tetrahydropyranyloxy)propanoate (17) The same 
procedure was followed as described for 8 16 (8 0 g, 34 mmol) and 2,3-dihydro-2W-pyran (5 7 g, 68 mmol) gave after 
column chromatography (EtOAc/hexancs=l/4, v/v) 8 9 g (85%) of 17 as a colorless oil (obtained as a mixture of 
diaslereomers), Rf 0 38 (EtOAc/hexanes=l/4, ν/ν), Ή NMR (90 MHz) δ 4 76-4 66 (m, IH, OCHfCH2h). 4 39-4 09 
(t and dd, IH, ОСН2Ш). 3 87-3 18 (m, 4H, OCH2CH and ОЩ2(СН 2 )і), 3 64 (s, ЗН, OCH3), 1 82-1 31 (m, 6Н, 
ОСН2(Ш2)з). 0 78 (s, 9Н, С(СН3)з), 0 00 (ь, 6Н, Si(CH-,)2 
(S)-3-(rerí-butyldimethylsilyloxy)-2-(2-tetrahydropyranyloxy)propanal (18) То a stirred solution 
of 17 (4 1 g, 12 9 mmol) in dry dichloromethane (25 mL) employing flame dried glass equipment under an argon 
atmosphere at -75°C was added DIBAL (25 mL of a IM solution in dichloromethane) at such a rate that T<-70°C Then 
the solution was stirred in the cold for an additional 2 hours and subsequently quenched with aqeous citric acid (20 mL 
of a 20% solution) After allowing the resulting suspension to warm up to room temperature the resulting clear 2-phase 
system was separated and the organic layer was washed with 2 portions of water and neutralized with sat NaHC03 The 
solution was dried (MgS04) and the solvent was evaporated m vacuo The residue was subjected to column 
chromatography (ElOAc/hexanes=l/4, v/v) to yield 2 8 g (75%) 18 as a colorless oil with a typical aldehyde odour 
(obtained as a mixture of diaslereomers), Rf 0 38 (btOAc/hexancs=l/4, v/v), CIMS(70eV), m/z (relative intensity) 289 
([M+l] + , 001), 175 (1), 117 ([C 5Hi3SiO]+, 14), 85 ([C 5 H 9 0]+, 100), ] H NMR (90 MHz) δ 9 66-9 58 (m, IH, 
НС=0), 4 73-4 56 (m, IH, 0£Н_(СН2)з), 4 23-3 36 (m, 5H, CH2CH and 0£Н. 2(СН 2)з), 1 84-1 33 (m, 6Н, 
ОСН 2(Ш2)і). 0 79 (s, 9Н, С(СН3)з), 0 00 (s, 6Н, Si(CH3)2) 
(S)-3-(ferr-butyldimethylsilyloxy)-2-(2-tetrahydropyranyloxy)propanal diethyl acetal (19) and 
(5)-3-(/«ri-Butyldimethylsilyloxy)propanal diethyl acetal (20) In a mixture of dry ethanol (50 mL) and 
tnethyl orthoformate (3 mL) was dissolved 18 (1 1 g, 3 8 mmol) and TsOH'H 20 (10 mg) After standing over night at 
room temperature sat NaHCO^ (2 mL) was added and the volatiles were evaporated in vacuo The residue was dissolved 
in fctOAc en washed with water and brine After drying (MgS04) the solvent was evaporated m vacuo and the residue 
was subjected to column chromatography (btOAc/hexanes=l/5, v/v) to yield two clear oily fractions 210 mg (15%) 19 
(obtained as a mixture of diaslereomers), Rf 0 44 (EtOAc/hcxanes=l/4, v/v), CIMS(70eV), m/z (relative intensity) 317 
([M-OC 2 H 5 ]+, 5). 175 (21). 117 ( [ C 5 H n S i O ] + , 7), 103 ( [HC(OC 2 H 5 ) 2 ] + , 100), 85 ( [ C 5 H 9 0 ] + . 97), 75 
([СзН 70 2]+, 32), 57 (( C 4 H 9 1 + , 9), Ή NMR (90 MHz) δ 4 86 and 4 59 (2xbr t, IH, ОС_Н(СН2)з), 4 53 4 45 and 
4 35-4 26 (2xm, IH, OCHO), 3 94-3 27 (m, 9H, OCH2CH, ОСІІ2(СН2)з and гхОСЩСНз), 1 84-1 36 (m, 6Н 
ОСН 2 (Ш 2 )э) , 1 11 (t. 6Н, J=6 9 Hz, 2хОСН2Шз_). 0 78 (s, 9Н, С(СН3)з), 0 00 (s, 6Н, Si(CH3)2) and 540 mg 
(50%) of 20, Rf 0 29 (ElOAc/hexanes=l/4, v/v), CIMS(70eV), m/z (relative intensity) 233 ([M OC 2H 5]+, 6), 175 
(41), 117 ([C 5 Hi 3 SiO] + , 48), 103 ([HC(OC2Hs.)2]+, 100), 75 ([СзН 70 2]+, 66), 57 ([ C 4 H 9 1 + , 12), Ή NMR (90 
MHz) δ 4 41 (d, IH, J=5 3 Hz, CH2CH£H), 3 82-3 31 (m, 7H, CH2CHCH and 2хСН.2СН3), 2 37 (d, exchangeable, 
IH, J=4 2Hz, ОН), 1 15 and 1 13 (2xt, 6H, 1=7 1 Hz, гхОСНгСЩ), 0 80 (s, 9Н, С(СН3)з), 0 00 (s, 6Н, Si(CH3)2) 
Methyl (S)-3-(terf-butyldimethylsilyloxy)-2-(allyloxy)propanoate (21) In freshly distilled (from 
NaH) THF (200 mL) employing flame dried glass equipment under an argon atmosphere was dissolved 16 (9 9 g, 42 
mmol), tns(dibenzylideneacctone)dipalladium(0) (240 mg, 0 27 mmol), 1,4 bis(diphenylphosphino)-butane (455 mg, 
1 1 mmol) and allyl ethyl carbonate (10 5 g, 81 mmol) After heating at reflux for 2 hours all starting material had been 
converted and the reaction mixture was filtered over a short path of hyflo After evaporation of the volatiles the residue 
was subjected to column chromatography (EtOAc/hexanes=15/85, v/v) to yield 11 5 g (99%) 21 as a colorless oil, Rf 
0 63 (ElOAc/hcxanes=I/4, v/v), a52=-28 5 (c=3 96, MeOH), CIMS(70eV), m/z (relative intensity) 275 ([M+1J+, 1), 
217 ([M-C3HsO]+, 79), 117 ([CsH
n
SiO]+, 100), Ή NMR (90 MHz) δ 6 09-5 67 (m, IH, Н 2 С=Ш-СН 2 ) , 5 39-
5 10 (m, 2H, и.
г
£=СН-СН2), 4 28 3 78 (m, 5Н, ОСН2СН and H2C=CH-CÜ2). 3 68 (s, ЗН, ОСНз), 0 79 (s, 9Н 
С(СНз)з), 0 00 (s, 6Н, Si(CH3)2) 
(5)-2-(allyloxy)propanal diethyl acetal (22) For the DIBAL reduction of 21 to the aldehyde the same 
procedure was followed as described for 18 using 21 (10 g, 36 5 mmol) and DIBAL (74 mL of a IM solution in 
dichloromethane) After work-up 9 2 g of a residue was obtained which was dissolved in ethanol (150 mL) To tins 
solution tnethyl orthoformate (25 mL) and TsOH«H20 (0 5 g, 2 6 mmol) were added and the reaction mixture was 
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allowed to stand over night at room temperature. Sat. ЫаНСОз (20 mL) was added and the volatiles were evaporated in 
vacuo. The residue was dissolved in ElOAc and subsequently washed with sat. NaHCC>3 and brine. After drying 
(MgS04) the solvent was evaporated in vacuo and the residue was subjected to column chromatography 
(EtOAc/hexanes=l/2, v/v) to yield 5.9 g (79%) 22 as a colorless oil; Rf 0.25 (EtOAc/hexanes=l/2, ν/ν); C152 =-24 8 
(c=2 06, MeOH), CIMS(70eV), m/z (relative intensity) 159 ([M-OC 2H 5]+, 28), 103 ([HC(OC2H5)2]+, 100), 75 
([C 3 H 7 02] + , 98), 'Η NMR (90 MHz) δ 6.16-5.74 (m, IH, Н2С=£Н-СН2), 5 40-5 10 (m, 2Н, Н.2£=СН-СН2), 4.49 
(d, IH, J=6 0 Hz, OCHO), 4.23-4 14 (m, 2H, Н2С=СН-Шг) 4.00-3.33 (m, 7Н, 2 χ Ο £ Η ^ Η 3 and НОСЛгШ). 2.37 
(t, exchangeable, IH, J=6.3 Hz, OH), 1.22 and 1.20 (2x1, 6H, J=7.0 Hz, гхОСНгШз.) 
(/f)-l-tosyloxy-2-(2-tetrahydropyranyloxy)-l-propanol (24): То 2 3 1 0 (10.4 g, 21 mmol) in dry 
dichloromcthane was added 2,3-dihydro-2//-pyran (3.5 g, 42 mmol) and TsOH'H 20 (5 mg) After standing for 30 min. 
at room temperature the reaction mixture was washed with sat. NaHCOj and bnne. After drying (MgSÛ4) the volatiles 
were removed in vacuo and the residue was dissolved in THF (25 mL). To this solution BU4NF (35 mL of a IM 
solution in THF) was added. After standing at room temperature for 1 h the solvent was evaporated in vacuo and the 
residue was subjected to column chromatography (ElOAc/hexanes=I/l, v/v) to yield 5 3 g (76%) of 24 as a colorless 
oil (obtained as a mixture of diastereomers); Rf 0.25 (EtOAc/hexanes=l/l, v/v), lH NMR (90 MHz) δ 7.77 and 7.39 
(AB, 4H, J A B = 7 8 Hz, C 6 H 4 ) , 4 72-4 51 (m, IH, OCHO), 4.36-3.11 (m, 7H, CH 2CHCH 2 and ОСН.2(СН2)з), 2.45 
(s, ЗН, H3CPh), 2.13-2.05 (br I, exchangeable, IH, OH), 1.84-1 36 (m, 6H, ОСН2(£Щ)з) 
2-(2-Tetrahydropyranyloxy)propeiial (25). Swern approach: To dry dichloromelhane (25 mL) under an 
argon atmosphere employing flame dried glass equipment stoppered with a septum was added with a syringe oxalyl 
chloride (0 53 mL, 0.77 g, 6.1 mmol). After cooling of this solution to -75°C, dry dimethyl sulfoxide (0.43 mL, 0.47 
mg, 6 1 mmol) was added. After stirring for 5 mm. 24 (1.0 g, 3 0 mmol), dissolved in dichloromelhane (10 mL), was 
added over a period of 15 min. and stirred for an additional 15 min. In the cold tnelhylamine (3 mL) was added dropwise 
and the solution was allowed to warm up to -25°C at which temperature citric acid (25 mL of a 20% solution) was 
added. The organic layer was neutralized with sat. NaHC03 and dried (MgS04). After evaporation of the solvent the 
residue was subjected to column chromatography (EtOAc/hexanes) to yield 35 mg (8%) of 25 as an oil; Rf 0 45 
(EtOAc/hcxanes=l/l, v/v), Ή NMR (90 MHz) δ 9.25 (s, IH, НС=0), 5.66 (d, IH, J=2.2 Hz, HHC=C), 5.33-5.25 (m, 
IH, OCHO), 5 24 (d, IH, J=2.2 Hz, HHC=C), 3.94-3.47 (m, 2H, 0£Щ(СН 2 )з), 2 08-1.50 (m, 6H, ОСН2(СЛ2>3) 
and 450 mg of an impure fraction containing miscellaneous unidentified products. 
PCC approach. In dry dichloromethane (35 mL) 24 (1.0 g, 3 0 mmol) was dissolved. This solution was added in one 
portion to a suspension of pyndinium chlorochromate (0 98 g, 4.5 mmol) and sodium acetate (0 5 g, 6 0 mmol) in 
dichloromelhane (25 mL) After stirring of this suspension for 2 days TLC analysis (EtOAc/hexanes= 1/1, v/v) showed 
the presence of the alkene 25 besides unreacted starling material. 
(L)-glyceraldehyde diethyl acetal (27). To a well stirred solution of rerr-butylalcohol (50 mL) and water (50 
mL) was added potassium osmatc (VI) dihydrate (7.4 mg, 0.02 mmol), hydroquinidine 1,4-phtalazinediyl diether (78 
mg, 0 1 mmol), potassium carbonate (4.12 g, 30 mmol) and potassium ferricyanide (9 8 g, 30 mmol). After a clear 
two-layer system appeared, the solution was cooled to 0CC To this well stirred and cold mixture, acrolein diethyl acetal 
12 (1.3 g, 10 mmol) was added in one portion After stirring in the refrigerator at 4°C over night sodium sulfite (1 5 g, 
11.9 mmol) was added and the reaction mixture was allowed to warm to room temperature After stirring for an 
additional hour EtOAc (100 mL) was added together with brine (25 mL) The organic phase was separated and ihe water 
phase was subsequently washed with 3 portions of ElOAc. The combined organic phases were washed with brine and 
dried (MgS04). After removal of the solvent in vacuo 1.51 g (92%) crude 27 was obtained as a yellowish oil: Ή -
NMR (90 ΜΗ?) δ 4.51 (d, IH, J=5.4 H¿, СН2СН£Н), 3.98-3.43 (m, 7H, C ^ C H C H and 2хОСЦ.2с нЗ). 2.49 (very 
br s, 2H, 2xOH), 1.24 and 1 23 (2xt, 6H, J=7 0 Hz, 2xOCH?CHi) 
(L)-glyceraldehyde diisopropyl acetal (28): Following the same procedure on a 29.6 mmol scale, 4.80 g 
(84%) crude 28 was obtained as a yellowish oil which was not further purified and transformed into 31. 
(L)-glyceraldehyde dibenzyl acetal (29). Following the same procedure on a 19.5 mmol scale, 5.66 g (99%) 
crude 29 was obtained as a yellowish oil, EIMS(70eV). m/z (relative intensity) 227 ([HC(OCH2Ph)2]+, 0 23), 163 
([M-C 7H 7]+, 10), 147 ([М-С 7 Н 7 0] + , 17), 107 ( [ C 7 H 7 0 ] + , 46), 91 ( [C 7 H 7 ] + , 100) ' H - N M R (90 MHz) 6 7 31 (s, 
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ЮН, 2x-C6H5), 4 85 - 4 38 (m, 6Н, 2x0CÜ2Ph and -CH7CHCH-). 3 92 - 3 68 (AB, 2H, -Ш2СНСН-), 2 17 (very 
br s, 2H, 2хОН), 
Synthesis of g.ß-isopropvlidcnc-glvccraldehvdc acetáis (for optical rotations of 30-32, see table 3 1 ) 
a,ß-isopropylidene-£-glyceraldehyde diethyl acetal ((S)-30) To 27 (162 g, 9 9 mmol) in 
dichloromcthanc (50 mL) was added 2,2-dimethoxypropane (10 3 g, 12 1 mL, 99 mmol) and PPTS (20 mg) The 
progress of the reaction was monitored by GC After 2 h the reaction mixture was washed with sat NaHC03 and 
brine After drying (MgS04) the volatiles were evaporated m vacuo The residue (1 94 g) was purified by kugelrohr 
distillation (5 mmHg) to yield 1 25 g (64%) of (S)-30 as a colorless oil which was homogeneous by GC 
CIMS(70eV), m/г (relative intensity) 203 ([M-l] + , 0 1),189 (M-CH3] + , 0 5), 159 ([M-C2H50) + , 4), 
103([HC(OC2H5)2]+, 9), 75 ([C 3 H 7 02] + , 4), 42 (100), ІН NMR (90 ΜΗ/) δ 4 43 (d, IH, J=5 9 Hz. OCHO), 4 25-
3 41 (m, 7H, 2хО£Н2СН3 and ОСН2СН), 1 44 and 1 37 (2xs, 6Н, C(CH3)2), 1 25 and 1 21 (2xt, 6H, J=7 1 Hz, 
2хОСНгСЩ) 
α,β-isopropylidene-L-glyceraldehyde düsopropyl acetal ((S)-31) Following the same procedure 28 
(0 8 g, 4 2 mmol) gave after column chromatography (EtOAc/hexancs=l/5, v/v) 470 mg (49%) of (S)-31 as a 
colorless oil which was homogeneous by GC Rf 0 63 (EtOAc/hexanes=l/2, v/v), CIMS(70eV), ml? (relative 
intensity) 217 (M CH3]+, 0 3), 173 ([M-C3H70]+, 9). 131 ([HC(OC3H7)2]+, 7), 73 ([С 4 Н 9 0] + , 73), 42 (100), Ή 
NMR (90 MHz) δ 4 46 (d, IH, J=5 1 Hz, OCHO), 4 09-3 83 (m, 5H, 2хОСЦ(СН3)2 and ОСЩСН). 1 36 and 1 28 
(2xs, 6H, С(СН3)2), 1 16-1 03 (m, 12Н, 2xOCH(C_H.l)2) 
α,β-isopropylidene-í.-glyceraldehyde dibenzyl acetal ((S)-32) Following the same procedure 29 (1 62 
g, 5 6 mmol) gave after column chromatography (ElOAc/hcxanes=l/4, v/v) 1 53 g (83%) of (S) 31 as a colorless oil 
which was homogeneous by GC Rf 0 61 (F.tOAc/hcxancs=l/2, v/v), EIMS(70eV), m/z (relative intensity) 313 ([M-
CH3]+, 1), 227 ([HC(OCH2Ph)2]+, 4), 181 (16), 107 ([C7H70]+, 91 ([C7H7]+, 100), Ή NMR (90 MHz) δ 7 35 (s, 
5Η, СбН5). 7 32 (s, 5Н. СбН5), 4 78 - 4 48 (m, 5Н, 2xOCH2Ph and OCHO), 4 29 (q, IH, J = 5 8 H?, OCHiCHl. 
4 06 and 3 89 (AB part of ABX spectrum, 2H, J A x = 5 4 Hz, J B x = 5 3 Hz and J A B = 8 3 Hz, ОСИ2СН). 1 38 (s, 3H, 
CH3), 1 35 (s, 3H, CH3) 
The optically pure D-glyceraldehyde antipodes were synthesi7cd in excellent yields from ο,β isopropylidcnc-P-
glyccraldchydc (R)-347 following the standard acctahzation procedure from the corresponding orlhocslcrs as described lor 
22 (after the DIB AL reduction of 21) 
(5)-2-hydroxy-3-(j7-tolylsulfonyloxy)propanaI diethyl acetal (36) From 35 To 3 5 n (8 6 g, 23 6 
mmol) in ethanol (150 mL) under a nitrogen atmosphere was added 10% Pd(C) (500 mg) and the resulting suspension 
was stirred in a hydrogen atmosphere until all starting material had been consumed (2-48 h ) according to TLC (R|(35) 
0 38, Rf(aldehyde) 0 21, EtOAc/hcxanes=l/l v/v) The Pd(C) catalyst was removed by filtration over hyflo and 
subsequently triclhyl orthofomiale (25 mL) and TFA (0,2 mL) were added After standing for 1,5 h sat NaHC03 (50 
mL) was added and the volatiles were removed in vacuo After purification of the residue by column chromatography 
(EtOAc/hexanes=l/2, v/v) 7 4 g (99 %) of 36 was obtained as a colorless oil Rf 0 46 (ElOAc/hexanes=l/l, v/v), 
EIMS(70eV), m/z (relative intensity) 317 ([M-l]+, 0 01), 273 ([M-OC2H5]+, 0 4), 103 ([HC(OC2H5)2]+, 100), 91 
([C7H7]+ 26), 75 ( [ C 3 H 7 0 2 ] + , 50), Ή NMR (90 MHz) δ 7 80 and 7 35 (AB, 4H, J A B = 8 4 H/, C6H4), 4 47 (d, IH, 
J=5 7 Hz, OCHO), 4 20 and 4 11 (AB part of ABX spectrum, 2H, J A x=3 4 Hz, JßX=5 5 Hz and J A B = I 0 2 H7 
OCH2CH), 3 95-3 36 (m, 5H, 2xOCH2CH3 a n d OCH2£H), 2 42 (s, 4H, H3CPh and OH), 1 20 and 1 17 (2xt, 6H, 
J=7 0 Hz, 2хОСНгСЩ) From 27 27 (1 29 g, 7 9 mmol), TsCl (1 55 g, 8 1 mmol) and pyridine (25 mL) gave after 
column chromatography 2 1 g (84%) of 36 
Syntheses of tosvlates 9 
The losylates 9a,b were prepared as described in chapter 2 from 8 and 22, respectively, and losyl chloride in pyridine to 
afford 
Methyl (J?)-2-(2-tetrahydropyranyloxy)-3-(/7-tolylsulfonyloxy)propanoate (9a) obtained alter 
purification by column chromatography (ElOAc/hexanes=l/2, v/v) as a mixture of diastereomers in 70% yield (18 8 g 
scale) as a colorless oil, Rf 0 26 (ElOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 359 ([M+C2H5)+, 
16), 275 (51), 215 (51), 155 ([C 7 H 7 S0 3 ] + , 85), 91 [C7H7]+, 59). 85 ([C sH90]+, 100), Ή NMR (90 MHz) δ 7 70 
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7 67 and 7 47, 7 45 (2xAB, 4H, JAB=9 0 Hz, C6H4), 4 80 and 4 71 (2xbr t, IH, 0£Н(СН 2 )з), 4 58-4 47 (m, IH, 
ОСНгСИ), 4 40-2 38 (m. 4Н, ОШ2.(СН2)з), 3 68 (s, ЗН, ОСН3), 1 66-1 51 (m, 6Н, ОСН2(СЛ2)э) 
(Ä)-2-allyloxy-3-(p-tolylsulfonyloxy)propanal diethyl acetal (9b) obtained after column 
chromatography (EtOAc/hexanes=l/4, v/v) in 77 % yield (7 7 g scale) as a colorless oil, Rr 0 43 (EtOAc/hexanes=l/2, 
ν/ν), απ =-16 5 (c=4 3, MeOH), CIMS(70eV), m/z (relative intensity) 313 ([M OC 2 H 5 ] + , 1), 103 ([HC(OC2H5)2]+, 
100), 91 ([C 7 H 7 ] + , 12), 75 ([СзН70 2 ] + , 23), [ H NMR (90 MHz) δ 7 79 and 7 33 (AB, 4H, J A B = 8 4 Hz, C 6 H 4 ) , 
5 97-5 52 (m, IH H2C=£H-CH2), 5 20-4 99 (m, 2H, Н ^ С Н - С Н г ) , 4 30 (d, IH, J=5 3 Hz, OCHO), 4 25-3 88 (m, 
4H, H2C=CH-£H.2 and SOCHaCH). 3 78-3 22 (m, 5H, 2xO£H.2CH3 and БОСНгСН), 2 33 (s, ЗН, H3CPh), 1 11 
and 1 06 (2xl, 6Н, J=6 9 Hz, гхОСНгШэ.) 
(Ä)-2-acetoxy-3-(p-iolylsulfonyloxy)propanal dibenzyl acetal (9c) 29 (1 6 g, 5 6 mmol) was 
tosylated following the Standard procedure from TsCI (1 07 g, 5 6 mmol) and pyridine as described in chapter 2 to yield 
2 44 g (96%) of the tosylate (Rr 0 21 (ElOAc/hexanes=l/2, v/v)) This tosylate was dissolved in freshly distilled 
pyridine (25 mL) and acetic anhydride (2 9 g, 2 7 mL, 28 0 mmol) was added Upon standing over night at room 
temperature the volatiles were evaporated in vacuo and the residue was dissolved in EtOAc and subsequently washed 
with citric acid (50 mL of a 10% sol ), sat NaHC03 and brine After drying (MgS04) the solvent was evaporated in 
vacuo to yield 2 12 g (81%) of 9c as a colorless oil, Rf 0 42 (EtOAc/hexanes=l/2, v/v), α^ 2 =-9 8 (c=5 51, MeOH), 
EIMS(70eV), m/z (relative intensity) 377([M C 7 H 7 ]+, 17), 227 ([HC(OCH2Ph)2]+ 0 5), 172 (9), 107 ([C 7H 70]+, 
50), 91 ([C 7 H 7 ] + , 100), 43 ( [ C 2 H 3 0 ] + , 49), Ή NMR (100 MHz) δ 7 76 (A part of AB spectrum, 2H, J A B = 8 5 Hz, 
p-Me-C6H2), 7 40-7 14 (m, 12H, 2xC 6H 5 and p-Me-C6H2), 5 20-5 08 (m, IH, СНгШСН), 4 78 (d, IH, J=5 6 Hz, 
СН2СНСЛ), 4 57-4 28 (m, 6H, СЩСНСН and 2xOCH2Ph), 2 43 (s, ЗН, H3CPh), 1 95 (s, ЗН, COCH3) 
(í?)-2-(íeri-butyldiphenyls¡lyl)-3-(p-tolylsuIfonyloxy)propanal diethyl acetal (9d) To 36 (1 41 
g, 4 4 mmol, derived from 27) and imidazole (0 6 g, 8 8 mmol) in DMF (25 mL) was added ten butyldiphenylsilyl 
chloride (1 46 g, 5 3 mmol) After standing at room temperature over night the reaction mixture was diluted with 
EtOAc (100 mL) and successively washed with citric acid (20% aq sol ), water (2x) and brine After drying (MgS04) 
the volatiles were evaporated in vacuo and the residue wa¡> subjected to column chromatography (EtOAc/hexanes=l/4, 
v/v) to yield 2 29 g (94%) of 9d as a colorless oil R( 0 37 (EtOAc/hcxanes=l/4 v/v), a2,2 =-4 37 (c=5 26, MeOH), 
EIMS(70eV), m/z (relative intensity) 353([M-203]+, 14), 199 ([M-Ph2SiOH]+, 100), 103 ([HC(OC2H5)2]+, 31), 91 
([C7H7]+ 9), 75 ( [C 3 H 7 0 2 ] + , 10), Ή NMR (90 MHz) δ 7 76-7 56 and 7 39-7 19 (m, 14H, 2xC 6H 5 and C 6 H 4 ) , 
4 24 (d, IH, J=4 6 Hz, OCHO), 4 16-3 74 (m, ЗН, OCH2CH), 3 67-3 08 (m, 4H, 2xOCH 2 CH 3 ). 2 40 (s, ЗН, 
H3CPh), 1 16 and 0 92 (2xi, 6H, J=7 3 Hz, 2хОСНі£Щ), 1 04 and 1 00 (2xs, 9H, C(CH3)3) 
(Ä)-2-(2-tetrahydropyranyloxy)-3-(p-toIylsulfonyloxy)propanal diethyl acetal (9e) To 36 (8 2 g, 
25 8 mmol) and 2,3-dihydro-2H-pyran (8 7 g, 104 mmol) m dichloromcthanc (200 ml ) was added PPTS (0 5 g, 2 0 
mmol) After 30 min the reaction mixture was washed with sal NaHC03 (50 mL) and brine After drying (Na2S04) 
the volatiles were removed in vacuo and the residue was subjected to column chromatography (EtOAc/hexanes=l/2, v/v) 
to yield 9 6 g (95%) of 9e as a colorless oil as a mixture of diastereomers, Rf 0 62 (EtOAc/hexanes=l/l, v/v), 
CIMS(70eV), m/z (relative intensity) 401 «M-l] + , 0 6), 357 ([M-OC2H5]+, 15), 103 ([HC(OC2H5)2]+, 100), 85 
( |C5H90]+ , 92), 75 ( [C 3 H 7 0 2 ] + , 14), Ή NMR (90 MHz) 5 7 81,7 79 and 7 33 (2xAB, 4H, J A B = 8 4 Hz, C 6 H 4 ) , 
4 86 and 4 69 (2xbr t, IH, OÇU(CH2)3), 4 54 and 4 48 (2xd, IH, J=4 4 Hz and J=6 0 Hz, OCHO), 4 40-4 04 (m, 2H, 
ОСЛ2СН), 3 97-3 31 (m. 7Н, 2хОСЛ2СН3 ОСН 2(СН 21 3 and ОСН2СЦ), 2 44 (s, ЗН, H3CPh), 1 91-1 43 (m, 6Н, 
ОСН 2(£Н 2) 3), 1 27-1 05 (m, 6Н, 2хОСН2СНО 
(Ä)-2-acetoxy-3-(j7-tolylsulfonyloxy)propanal diethyl acetal (9f) To 36 (2 0 g, 6 3 mmol) in freshly 
distilled pyridine (25 mL) was added acetic anhydride (3 22 g, 3 0 mL, 31 5 mmol) After standing over night at room 
temperature the volatiles were evaporated in vacuo The residue was dissolved in EtOAc and successively washed with 
citric acid (25 mL of a 10% sol ) sat NaHC03 and brine After drying (MgS04) Ihe solvent was evaporated in vacuo 
to yield 2 18 g (96%) 9f as a yellowish oil which was homogeneous by TLC, Rf 0 46 (EtOAc/hcxanes=l/l, v/v), 
EIMS(70eV), m/z (relative intensity) 315 ([M-OC2H5]+, 1 8), 103 ([HC(OC2H5)2l+, 100), 91 ([C7H7]+ , 16), Ή 
NMR (90 MHz) δ 7 79 and 7 35 (AB, 4H, J A B = 8 4 Hz, C 6 H 4 ), 5 06-4 92 (m, IH, CH2CHCH). 4 56 (d, IH, J=5 6 
Hz CH2CHCH), 4 25 (d, 2H, J=4 1 Hz, ÇU2.CHCH), 3 84 3 38 (m, 4H, 2хОСН?СНі). 2 45 (s, 3H, PhCH3), 2 03 
(s, 3H, COCH3), 1 16 and 1 14 (2xt, 6H J=7 0 Hz, 2xOCH7CHi) 
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The thioacctates lOa-f were prepared following the same procedure as described in chapter 2 
Methyl (ff)-3-acetylthio-2-(2-tetrahydropyranyloxy)propanoate (10a) Obtained from 9a as a mixture 
of diaslereomers and purified by column chromatography (ElOAc/hexanes=l/3, v/v) in 75% yield (10 4 g scale) as a 
yellowish oil, Rf 0 38 (EtOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 203 ([M-COOMe]+, 2), 85 
( [ C 5 H 9 0 ] + , 100), Ή NMR (90 MHz) δ 4 77 (br t, IH, ОШ(СН 2)э), 4 45 and 4 24 (dd and t, IH, J=4 6 Hz, J=6 6 
Hz and J=6 2 Hz, SCH2CH). 4 09-3 07 (m, 4H, ОС_Н.2(сн2)з and SCHACH)), 3 76 (s, ЗН, С0 2 СН 3 ) , 2 36 (s, ЗН, 
SCOCH3), 1 71-1 52 (m, 6H, ОСН2(СН2)з) 
(J?)-3-acetylthio-2-allyloxy-propanal diethyl acetal (10b) Obtained from 9b and purified by column 
chromatography (EtOAc/hexanes=l/4, v/v) in 71% yield (4 0 g scale) as a yellowish oil, RrO 30 (ElOAc/hexanes=l/4, 
v/v), CIMS(70eV), m/z (relative intensity) 261 ([M-l]+, 001), 217 ([M-OC2H5]+, 15), 103 ([HC(OC2H5)2]+, 100), 
75 ( [ С з Н 7 0 2 ] + , 82), Ή NMR (90 MHz) δ 6 16-5 72 (m, IH, Н2С=£Н-СН2), 5 40-5 09 (m, 2Н, Н.2Д = С Н - С Н 2). 
4 39 (d, IH, J=5 3 Hz, OCHO), 4 19-4 09 (m, 2H, H2C=CH-CÜ2). 3 84-3 42 (m, 5H, 2xO£H2CH3 and SCH?CH). 
3 31 and 3 01 (AB part of ABX spectrum, 2H, JAX=3 8 Hz, JBX=7 1 Hz and JAB=13 5 Hz, SC^CH) . 2 33 (s, 3H, 
SCOCH3), 1 21 (t, 6H, J=7 0 Hz, гхоснгсщ) 
(R)-2-acetoxy-3-acetylthio-propanal dibenzyl acetal (10c) Obtained from 9c and purified by column 
chromatography (EtOAc/hexanes=l/4, v/v) in 54% yield (1 2 g scale) as a yellowish oil, Rf 0 54 (ElOAc/hcxancs=l/2, 
v/v), EIMS(70cV), m/z (relative intensity) 281 ([M-C 7 H 7 0]+, 6), 227 ([HC(OCH2Ph)2]+, 16), 181 (21), 91 
([C7H7]+, 100), 43 ( [ C 2 H 3 0 ] + , 68), Ή NMR (90 MHz) δ 7 33 (s, ЮН, 2хС6Н5), 5 30-5 13 (m, IH, CH 2 CHCm. 
4 78-4 48 (m, 5H, 20CH2Ph and CH 2CHCm. 3 46 and 3 03 (AB part of ABX spectrum (2H, JAX=6 0 Hz, J B X =11 6 
Hz and J A B = 1 4 2 Hz, £Н2СНСН), 2 32 (s, ЗН, SCOCH3), 2 01 (s, ЗН, ОСОСНз) 
(Ä)-3-acetylthio--2-(feri-butyldiphenylsilyloxy)propanal diethyl acetal (lOd) Obtained from 9d 
and purified by column chromatography (EtOAc/hexanes=l/9, v/v) in 70% yield (3 5 g scale) as a yellowish oil, Rf 
0 53 (EtOAc/hexanes=l/4, v/v), a^2=-I6 2 (c=2 6, MeOH), Ή NMR (90 MHz) δ 7 78-7 62 and 7 44-7 30 (m, ЮН, 
2xC 6 H 5 ) , 4 24 (d, IH, J=4 4 Hz, OCHO), 3 98-3 81 (m, IH, CH ?CH). 3 72-3 12 (m, 6Н, 2xOCH.zCH3 and 
CH2CH). 2 24 (s, ЗН, СОСНз), 1 17 and 0 95 (2xt, 6Н, J=7 2 Hz, гхОСНгСЩ), 1 04 (s, 9H, C(CH3)3) 
(Ä)-3-acetylthio—2-(2-tetrahydropyranyloxy)propanal diethyl acetal (10e) Obtained from 9e and 
purified by column chromatography (btOAc/hcxancs=l/4, v/v) in 68% yield (3 9 g scale) as a mixture ofdiastereomers 
as a yellowish oil, Rf 0 36 (EtOAc/hexanes=l/4. v/v), CIMS(70cV), m/z (relative intensity) 305 ([M-l]+ 0 3), 261 
([M-OC2H5)+, 6), 103 ([HC(OC2H<¡)2]+, 100), 85 ([C5H9OI+ 92), 75 ( [ С 3 Н 7 0 2 ] + , 19), ] H NMR (90 MHz) δ 4 92 
and 4 80 (2xbr t, IH, OC_H(CH2)3), 4 53 and 4 43 (2xd, IH, J=4 6 H/ and J=6 2 Hz, OCHO), 4 10-2 86 (m, 9H 
2хОС_Н2СНз, ОС_Н.2(СН2)з and SCH2CH), 2 32 (s, ЗН, COCH3), 1 96-1 50 (m, 6Н, ОСН2(£Н_2)з). 1 21 and 1 19 
(2xt, 6Н, J=7 1 Hz, 2хОСНгСЩ) 
(Ä)-2-acetoxy-3-acetylthio-propanal diethyl acetal (lOf) Obtained from 9f and purified by column 
chromatography (EtOAc/hexanes=l/8, v/v) in 31% yield, Rf 0 17 (EtOAc/hexanes=l/7, v/v), ElMS(70cV), m/z 
(relative intensity) 219 ([M-OC2H5]+, 4), 103 ([HC(OC2Hs)2]+, 100), Ή NMR (90 MHz) δ 5 16-4 97 (m, IH, 
CH7CHCH), 4 52 (d, IH, J=5 4 Hz, СН2СНС_И), 3 94-3 46 (m, 4H, 2хОСЫ2СН3), 3 38-2 78 (m, 2Н, СЩСНСН), 
2 33 (s, ЗН, SCOCH3), 2 08 (s, ЗН, ОСОСН3), 1 22 and 1 21 (2xt, 6Н, J=7 0 Hz, 2хОСН2С_Щ) and (Д)-3-
acetoxy-2-acetylthio-propanal diethyl acetal (38) in 40% yield, Rf 0 26 (EtOAc/hexancs=l/7, v/v), Ή 
NMR (90 MHz) δ 5 30-5 09 (m, IH, CH2C_H_CH), 4 53 (d, IH, J=4 9 Hz, CH2CHÇ_H_), 3 92-3 28 (m, 6H, 
Ш2СНСН and 2хОШ 2 СН 3 ) , 2 84 (s, 3H, SCOCH3), 2 09 (s, 3H, OCOCH3), 1 24 (t, 6H, гхОСНгСЩ) 
Syntheses of chloromethvl sulfides 11 
The chloromethyl sulfides lla-e were prepared via the corresponding thiols in yields of 96%, 89%, 99%, 97% and 
97%, respectively, based on the thioacctates lOa-e, following the same procedure as described in chapter 2 
(R) Methyl-3-(chloromethylthio)-2-(2-tetrahydropyranyloxy)propanoate (11a): Thiol obtained as 
a mixture of diastereomers, 'H NMR (90 MHz) 6 4 84-4 75 (m, IH, ОШ(СН 2 ) 3 ) , 4 38 and 4 23 (2xt, IH, J=5 4 Hz 
and J=6 0 Hz, SCH2£H), 4 16-3 33 (m, 2H, OCH^iCH?)^) 3 02-2 77 (m, 2H, SCÜjCH), 3 78 (s, 3H, C02CH3), 
1 89-1 50 (m, 7H, OCH2(ÇU2)3 and SH), l i a obtained as a mixture ofdiastereomers, ]H NMR (90 MHz) δ 5 06-
4 56 (m, ЗН, ОСЛ(СН2)э and C1CH2S), 4 66 and 4 39 (dd and t, IH, J=5 0 Hz, J=7 0 Hz and J=6 1 Hz, БСНгСЛ), 
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4 08-3 31 (m. 2H, ОСН2(СН?)з) 3 78 (s, ЗН, CO2CH3), 3 23-3 07 (m, 2H, SC_H2CH), 1 89-1 54 (m, 6H. 
ОСН2(£Ы2)і) 
(/t)-2-allyloxy-3-(chloromethylthio)propanal diethyl acetal ( l ib ) Thiol ! H NMR (90 MHz) δ 6 19-
5 76 (m, IH, Н2С=С_Ц CH2), 5 42-5 11 (m, 2H, H2£=CH-CH2), 4 48 (d, IH, J=5 7 Hz, OCHO), 4 39-4 02 (m, 2H, 
Н2С=СН-СЫ2). 3 86-3 36 (m, 5Н, 2хОСИ 2 с н З and S C H ^ ) , 3 04-2 48 (m, 2H, SCii2CH), 1 63 (dd, IH, J=7 3 
Hz and J=9 0 H/, SH), 1 24 and 1 22 (2xt, 6H, J=6 9 Hz, гхОСНгСЩ), Hb EIMS(70eV), m/z (relative intensity) 
223 ([M-OC2H5]+, 0 8), 103 ([HC(OC2H5)2]+, 16), 75 ([C 3 H 7 02] + , 9), 41 ([СзН5]+, 100). · Η NMR (90 MHz) δ 
6 22-5 79 (m, IH, H2C=CH СН2), 5 46-5 13 (m, 2Н, Н.2С_=СН-СН2), 4 84 (s, 2Н, SCH2C1), 4 48 (d, IH, J=5 6 Hz, 
OCHO), 4 26-4 17 (m, 2H, Н2С=СН-СЛг), 3 98-3 41 (m, 5Н, 2хОСН2СН-і and БСНгШ). 3 06 and 2 89 (AB part 
of ABX spectrum, 2H, J A x=3 2 Hz, JBX=7 3 Hz and J A B = I 3 9 Hz. SCÜ2CH), 1 24 and 1 22 (2xt, 6H, J=7 0 Hz, 
гхоснгсщ) 
(R)-2-acetoxy-3-(chloromethylthio)propanaI dibenzyl acetal ( l i e ) Thiol 'H NMR (90 MHz) δ 7 29 
(s, ЮН, 2хС6Н5), 5 23-5 04 (m, IH, CH2C_HCH), 4 83 (d, IH, J=5 8 Hz, CH2CHC_HJ, 4 78-4 48 (m, 4H, 
2xÇ_H2Ph), 3 11-2 58 (m, 2H, ÇJ^CHCH), 2 06 (s, 3H, OCOCH3), 1 36 (t, IH, J=8 5 Hz, SH), l i e · Η NMR (90 
ΜΗ?) δ 7 29 (s, ЮН, 2хС6Н5), 5 36-5 17 (m, IH, СН2С_НСН), 4 85-4 49 (m, 7Н, C1CH2S, 2xOCH2Ph and 
SCH2CHCII), 3 22 and 2 93 (AB part of ABX spectrum, 2H, J A X = 3 3 Hz, Jßx=8 4 Hz and JAB=14 4 Hz. 
SC_H2CHCH), 2 04 (s, ЗН, CH3) 
(R)-2-(rerr-butyldiphenylsilyloxy)-3-(chloromethyUhio)propanal diethyl acetal ( l i d ) Thiol Ή 
NMR (90 MHz) δ 7 82-7 67 and 7 47-7 30 (m, ЮН, 2xC6H5), 4 50 (d, IH, J=5 6 Hz, OCHO), 3 95-3 80 (m, IH, 
СНгСЫ). 3 76-3 24 (m. 4Н, 2хОСН.2СНз), 2 70-2,55 (m, 2Н, СЩСН), 1 53 (dd, IH, J=7 8 Hz and J=9 0 Hz, SH), 
1 18 and 1 00 (2x1, 6H, J=7 2 Hz, 2хОСН2СНд). 1 07 (s, 9H, С(СН3)з), l i d ! H NMR (90 MHz) δ 7 80-7 67 and 
7 47-7 31 (m, ЮН, 2xC6H5). 4 55 (s, 2Н, SCH2C1), 4 36 (d, IH, J=4 6 Hz, OCHO), 4 04-3 88 (m, IH, CH7CH). 
3 75-3 16 (m, 4H, 2хОШ2СНз), 3 09-2 74(m, 2Н, СН2СН). 1 19 and 0 97 (2xt, 6H. J=7 I Hz, гхОСНгШз.). 1 05 
(s, 9H, С(СНз)з) 
(Ä)-3-(chloromethylthio)-2-(2-tetrahydropyranyloxy)propanal diethyl acetal ( l i e ) Thiol Ή 
NMR (90 MHz) 6 4 91 (m, IH, ОСЦ.(СН2)3), 4 67-4 57 (m, IH, OCHO), 4 13 3 40 (m, 7H, 2хОС_Н_2СН3, 
SCH2CH and ОСЛг(СН2)з), 3 08-2 57 (m, 2Н, SCÜ2CH), 2 06-1 40 (m. 7Н, ОСН2(СН2)э and SH), 1 22 and 1 21 
(2xt, 6H, J=7 1 Hz, гхОСНгСЫ )^. He obtained as a mixture of diastereomers, CIMS(70eV), m/z (relative intensity) 
313 ([M-l]+, 0 09), 311 ([M-11+, 0 16), 269 ([M-OC2H5]+, 2), 267 ([M-OC2H5]+, 4), 103 ([HC(OC2Hs)2]+, 99), 
85 ([C5H90]+, 100, 75 ( [ C 3 H 7 0 2 ] + , 16), Ή NMR (90 MHz) 6 5 18-4 54 (m, 4H, C1CH2C1. OCHO and S C H ^ ) . 
3 16, 3 13 and 2 95 (2xAB part of ABX spectrum, 2H, JAx=3 2 Hz, J B X =7 2 Hz and J A B = 1 3 9 Hz, SCUTCH), 1 97-
1 52 (m, 6H, ОСН(Ш2)з), 1 23 and I 21 (2xt, 6H, J=7 2 Hz, гхОСНгСЩ) 
Alkvlation of the N^-protected Nfc-oxo trvpiamines 3.4 with the chloromcthvl sulfides lla-e followed by removal of 
the Nfc.Teoc or N^.Aloc groups to give 40a e 
40a and 41 Nuclcophilic coupling was earned out as described in chapter 2 on a 7 0 mmol scale from 3 and 11a 
To prevent side reactions caused by acid induced THP-group migration it is essential to add sat NaHC03 (10 mL) 
before removal of the solvent after the coupling of 3 and 11a After work-up crude 39a was obtained as a mixture of 
diastereomers as an oil Rf 0 48 (EtOAc/hexanes=l/l, v/v), CIMS(lOOeV), m/z (relative intensity) 552 ([M1+, 0 3), 
144 ([Ci 0 H ) 0 N] + , 24), 130 ([C9HgN]+, 38), 85 ([C 5 H 9 0] + , 86), 73 ([Si(CH3)3]+, 38), Ή NMR (90 MHz) δ 8 14 
(br s, IH, indole-NH), 7 69-7 59 (m, IH, indolc-C(7)H), 7 37-7 05 (m, 4H, mdole-C(2)H and C(4) C(6)H3), 5 06 and 
4 97 (2xs, 2H, SCH2O), 4 Bl (br l, IH, OCHO), 4 61 and 4 36 (2xd, IH, J=5 0 Hz and J=6 8 Hz, S C H ^ ) , 4 18-
3 73 (m, 6H, OÇ_H2CH2Si, OCH2(CH?h and C(3)CH2Ç_H2N), 3 73 (s, 3H, COOCH3), 3 17-3 02 (m, 4H, 
C(3)C_H_2CH2N and SC_H.2CH), 1 71-1 51 (m, 6H, ОСН2(£Н_2)з). 0 93-0 74 (m, 2H, OCH2Ç_H.2Si), 0 00 
(Si(CHi)3) Followed by removal of the Teoc group of 39a as described in chapter 2 to give 2 5 g (86% from 3) of 
40a after column chromatography (EtOAc/hexancs/tnelhylamine=l/l/0 01, v/v) as a mixture of diastereomers as a 
colorless oil Rr 0 32 (ElOAc/hexanei=l/l, v/v), lH NMR (90 MHz) δ 8 20 (br s, IH, indole NH), 7 66-7 57 (m, IH, 
indolc-C(7)H), 7 40-7 04 (m. 4H, indolc-C(2)H and C(4)-C(6)H3), 4 97 and 4 91 (2xs, 2H, SCH20), 4 77 (br t, IH, 
OCHO), 4 57 and 4 30 (2xdd, IH, J=6 3 Hz, J=6 3 Hz and J=5 4 Hz, 6 3 Hz, SCH2C_H), 3 74 (s, 3H, COOCH3), 
3 96-2 95 (m, 6H, C(3ÌCH2CH2N and SCH2CH), 1 72-1 49 (m, 6H, ОСН2(СЛ2Ь) 
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41 The alkylation was earned out as described for 39a wilh the exception of the addition of sat NaHC03 after the 
alkylation The reaction mixture was further worked-up in the standard manner and the residue was subjected to column 
chromatography (ElOAc/hexanes=l/2, v/v) to yield (besides several undefined side products) 1 2 g (58%) of a product as 
a colorless oil (Rf 0 32, EtOAc/hexanes=l/l, v/v, not further characterized) Of 1 0 g (1 85 mmol) of this product the 
Teoc group was removed following the standard procedure described in chapter 2, to yield 558 mg (73%) of 41 after 
purification by column chromatography (EtOAc/hexanes=l/2, v/v) as a colorless oil as mixture of diaslereomers, Rf 
0 18 (EtOAc/hexanes=l/l, v/v), UV (methanol) X
m a x
 275 0 (sh), 280 0, 291 1 (sh), CIMS(lOOeV), m/z (relative 
intensity) 408 ([M]+, 1 4), 214 ( [Ci 4 Hi 6 NO] + , Ц), H4 ( [Ci 0 H 1 0 N] + , 17), 130 ([C9H8N]+, 100), 85 ( [C 5 H 9 0] + , 
50), Ή NMR (90 MHz) δ 7 67-7 02 (m, 5Η, indole С(2)Н and С(4)-С(7)Н4), 6-4 5 (very br s, exchangeable, 2H, NH 
and OH), 5 46 and 5 43 (2xm, NCHO), 4 97 and 4 89 (AB, 2H, J A B = I 1 7 Hz, OCH2S), 4 50 and 4 49 (2xt. IH, J=8 5 
Hz, SCH2CH). 4 22-4 04 (m, IH, ОСНН(СН 2) 3), 3 88-3 59 (m, IH, OCHH(CH 2) 3), 3 75 and 3 74 (2xs, ЗН, 
ОСНз), 3 40-3 23 (m, 2Н, С(3)СН2£Н.2). 3 07-2 93 (m, 4Н, С(3)£Н.2СН2 and SCHACH), 2 43-1 58 (m, 6Н, 
ОСН2(Ш2)з) 
40b The same procedure was followed as described for 39a starting from 3 and l ib, with the exception that an 
equimolar amount chloromethyl sulfide l i b was used with respect to tryptaminc derivative 3, to yield 83% (3 8 mmol 
scale) of 39b after purification by column chromatography (htOAc/hexanes=l/2, v/v) as a colorless oil, Rr 0 33 
(ElOAc/hexanes=l/2, v/v), EIMS(70eV), m/z (relative intensity) 552 ([M]+, 0 4), 189 (13), 144 ( [ C | 0 H 1 0 N ] + , 14), 
130 ([C 9 H 8 N] + , 63), 103 ([HC(OC2H5)2]+, 100), ] H NMR (90 MHz) δ 8 04 (br s, IH, indolc-NH), 7 69-7 58 (m. 
IH, indole-C(7)H), 7 40-7 02 (m, 4H, indole-C(2)H and C(4)-C(6)H3), 6 15-6 73 (m, IH, H2C=CH-CH2). 5 36 5 07 
(m, 2H, Ыг£=СН CH 2), 5 00 (s, 2H, OCH2S), 4 47 (d, IH, J=5 6 Hz, SCH2CHCH), 4 22-4 13 (m, 2H, H2C=CH-
C H 2 ) . 4 09-3 45 (m, 9H, 2xO£H_2CH3, indole-C(3)CH2£H_2, SCH2£HCH and SiCH2£H.2). 3 18-2 73 (m, 
4H,indole-C(3)£H.2CH2 and SCH.2CHCH), 1 21 and 1 19 (2xt, 6H, J=7 0 Hz, 2xOCH2CH¿1. 0 91-0 72 (m. 2H, 
SiCH2CH?), 0 00 (s, 9H, Si(CH3)3) Followed by removal of the Teoc group as described in chapter 2 to yield 73% of 
40b after purification by column chromatography (EtOAc/hexanes=l/2, v/v) as an oil, Rf 0 25 (EtOAc/hexanes=I/2, 
v/v), a§= 16 1 (c=5 85, MeOH), CIMS(70eV), m/z (relative intensity) 409 ([M+l]+, 1 2), 144 ([C|0HioN)+, 21), 
130 ([C9H8N]+, 91), 103 ([HC(OC2H5)2]+, 100), Ή NMR (90 MHz) δ 8 24 (br s, IH, indolc-NH), 7 77-7 66 (m, 
1 H, indole C(7)H), 7 53-7 11 (m, 4H, indolc-C(2)H and С(4)-С(6)Нз), 6 24-5 83 (m, 1 H, H2C=CH-CH2i. 6 03 (br s, 
IH, ONH), 5 44-5 16 (m, 2H, H.2£=CH-CH2). 4 99 (s, 2H, OCH2S), 4 56 (d, IH, J=5 7 Hz, SCH2CHÇH). 4 29-
4 16 (m, 2H, H2C=CH-CH_2). 3 91-3 54 (m, 5H, 2хОСД2СНз and SCH?CHCH). 3 47-2 76 (m, 6H. indole-
C(3)CH2CH2 and SOI2CHCH), 1 33 and 1 29 (2xt, 6H, J=7 0 Hz, гхОСНгСЩ) 
40c For the coupling reaction the same procedure was followed as described for 39b starting from 4 and l i e and 
after workup the crude product (±5 mmol) was dissolved in acetonilrile/water (50 ml, 4/1, v/v) and tnethylammonium 
formate (20 g, 46 5 mmol) was added An argon stream was passed through the resulting solution tor 15 min to 
remove oxygen and palladium(II)acetate (30 mg, 0 13 mmol) and triphenylphosphine (170 mg, 0 65 mmol) were added 
After heating at reflux for 45 min all starting material had disappeared and subsequently the volatiles were removed in 
vacuo The residue was dissolved in EtOAc (75 mL) and washed with water (2x50 mL) and dried with brine and 
M g S 0 4 The solvent was removed m vacuo and the residue was subjected to column chromatography 
(ElOAc/hexanes=l/l, v/v) to yield 1 2 g (45%) of 39c as a colorless oil, Rf 0 50 (EtOAc/hexanes=l/l, v/v), 
CIMS(70eV), m/z (relative intensity) 535 ([M+l]+, 0 03), 427 ([M-C 7 H 7 0] + , 0 3), 227 ([HC(OC 7H 7) 2]+, 1), 179 
(13), 144 ([C| 0 HioN] + , 20), 130 ([C9HgN]+, 23), 91 ([C 7 H 7 ] + , 100), Ή NMR (90 MHz) δ 7 97 (br s, IH, ìndole-
NH), 7 63-7 50 (m, IH, indole-C(7)H), 7 38-7 00 (m, 4H, indolc-C(2)H and C(4)-C(6)H3), 7 28 (s, 10H, 2xC6H5), 
5 96 (br s, IH, HNO), 5 40-5 21 (m, IH, SCH2CHCH), 4 86-4 47 (m, 7H, 2xOCH2Ph, SCH2CH£H and SCH20), 
3 33-2 73 (m, 6H, SCH.2CHCH and indoIe-C(3)CH2CH2), 2 04 (s, ЗН, CH3) 
40d The same procedure was followed as described for 39b starting from 4 and l i d to yield after column 
chromatography (EtOAc/hexanes=l/3, v/v) 83% (2 4 mmol scale) of 39d as a colorless oil, Rf 0 18 
(EtOAc/hcxanes=l/4, v/v), CIMS(70eV), m/z (relative intensity) 644 ([M+l-OC2H5]+, 0 9), 199 ( [ C n H i ¡SiO]+, 
100), 144 ([CioHioN]+, 11), 130 ([C9H8N]+, 27), 103 ([HC(OC2H5)2]+, 38), ' н NMR (90 MHz) δ 8 02 (br s, IH 
ìndole-NH), 7 80-7 56 and 7 39-6 95 (m, 15H, 2xC6H5, indole-C(2)H and C(4)-C(7)H4), 5 98-5 56 (m, IH, H2C=£H-
CH2) , 5 32-5 07 (m, 2Н, Н_2£.=СН-СН2), 4 8 2 ( s · 2 Η · OCH2S), 4 47-4 32 (m, ЗН, H2C=CH-ÇH_2 a n t l 
SCH?CHCH). 3 96-2 89 (m, ПН, гхОСЩСНз, indole-C(3)CH2CH2 and SCH2CHCH), 1 16 and 0 94 (2xt, 6H 
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J=6 9 Hz, 2хОСН2£Щ), 1 05 (s, 9H, С(СНз)з) Followed by removal of the Aloe group as described for 40c to give 
1 13 g (78%) of 40d after column chromatography (EtOAc/hcxanes=l/4, v/v) as a colorless oil, Rr 0 18 
(EtOAc/hexanes=l/4, v/v), CIMS(70eV). m/¿ (relative intensity) 576 ([M 30]+, 4). 144 ([Ci 0H 1 0N]+ , 15), 130 
(|C9HgN]+, 79), 103 ([HC(OC2H5)2]+, 100), Ή NMR (90 MHz) δ 8 00 (br s, IH. ìndole-NH), 7 81-7 54 and 7 37-
6 96 (m, 15H, 2xC6H5 and indole C(2)H and C(4)-C(7)H4), 5 76 (br s, IH, HNO), 4 69 (s, 2H, OCH2S), 4 40 (d. IH, 
J=4 2 Hz, SCH2CHCH), 4 00 3 86 (m, IH, SCH2C_HCH), 3 71-2 80 (m, 10H. indole-C(3)CH2CH2, SCJfcCHCH 
and 2xOCÜ2CH3), I 16 and 0 97 (2xl, 6H, J=6 9 Hz, 2хОСНгСНз.), I 07 (s, 9H, C(CH3)3) 
40e The same procedure was followed as described for 39b starting from 4 and l i e For removal of the N(,-Aloc 
group an alternative method was used The crude 39e (±1 6 mmol) was dissolved in EtOAc/dimethyl 
sulfoxidc/morpholine (50 mL, 2/1/1, v/v) and oxygen was removed from the resulting solution by passing an argon 
stream through the solution for 15 mm After addition of Pd(PPh3)4 (30 mg, 0 026 mmol) the reaction mixture was 
allowed to stand over night at room temperature The reaction mixture was diluted with EtOAc (50 mL) and washed 
with 5 portions water (50 mL) and brine The organic layer was dried (MgSC>4) and the solvent was removed 111 vacuo 
The residue was subjected to column chromatography (EtOAc/hexancs/Et3N=3/7/0 01, v/v) to yield 422 mg (81%) of 
40e as a mixture of diastcrcomers as a colorless oil, Rr 0 37 (ElOAc/hexanes=l/l), CIMS(70cV), m/z (relative 
intensity) 453 ( [M+l] + , 0 6), 144 ( [ C 1 0 H | 0 N ] + , 22), 130 ( [ C 9 H 8 N ] + , 31), 103 ( |HC(OC 2 H5) 2 ] + , 65), 85 
( [C 5 H 9 0] + , 100), Ή NMR (90 MHz) δ 8 20 (br s, IH, indole NH). 7 66-7 52 (m, IH, indole-C(7)H), 7 41-7 00 (m, 
4H, indole-C(2)H and C(4)-C(6)H3). 5 96 (br s, IH, HNO), 4 97-4 82 (m, IH, ОСЛ(СН2)э), 4 88 (s, 2H, OCH2S), 
4 62 and 4 55 (2xd, IH, J=4 4 Hz and J=5 8 Hz. SCH2CHÇJi), 3 97-2 76 (m, 13H. 2xO£H.2.CH3, indole-
C(3)CH2CH2, OQl2(CH2)3 and SCH2CHCH). 191 I 44 (m, 6H, ОСН2(СіІ2)з). I 34 I 13 (m, 6H, гхОСНгСЩ) 
42 To a mixture of HOAc/THF/H20 (5 mL. 4/2/1, v/v/v) was added 41 ( 120 mg, 0 29 mmol) The resulting clear 
solution was allowed to stand over night at room temperature EtOAc (50 mL) was added and the solution was 
neutralized by the careful addition of solid NaHCOs The organic layer was washed with brine and dried (MgS04) and 
the volatiles were evaporated m vacuo to yield 115 mg (96%) of 42 as a mixture of diastereomers as a colorless 01) 
which was essentially homogeneous on TLC, Rf 008 (EtOAc/hcxancs=l/l, v/v), CIMS(70cV), m/z (relative intensity) 
408 ((M]+, 0 I), 171 (100). 144 ( [ C | 0 H | 0 N ] + , 21), 130 ( [ C 9 H 8 N ] + , 24), Ή NMR (90 MHz) δ 8 17 (br s. IH. 
indole NH). 7 43 6 92 (m, 4H. indole-C(2)H and C(4) C(7)H4), 4 95 and 4 84 (AB, 2H, JAB=1 ' 8 Hz. OCH2S). 4 40 
(br t, IH, J=4 6 H/. ЗСНгСИ). 4 22 4 04 (m. IH, C(2)CHO). 3 74-2 69 (m, 8Н. 0£Щ(СН 2 ) 3 , C(3)CH2CH2N and 
SCHACH), 3 74 and 3 72 (2xs, ЗН, ОСНз), I 87-1 50 (m, 6H, OCH2(Ç_H.2b) 
Cvclizalion reactions 
Entry 1 Procedure A was followed as described in the exp part of chapter 2 40a (2 65 g, 6 5 mmol), DIB AL (19 5 
mL of a IM solution in dichloromethane) and TFA (0 5 mL), followed by work-up Removal of the THP protective 
group was accomplished by treatment with H0Ac/THF/H2O (4/2/1, v/v/v, 100 mL) at 45°C for 5 h The volatiles were 
evaporated in vacuo and the residue was dissolved in EtOAc (50 mL) This solution was washed with sat NaHC03 and 
brine After drying (MgS04) and evaporation of the solvent in vacuo the residue was subjected to column 
chromatography (ElOAc/hexanes=I/4, v/v) to yield 1 00 g (56%) o i l , Op =-8 0 (c=4 24, EtOAc, ee=31%) and 50 mg 
(3%) of 43, 0LD2=+49 0 (c=3 70, EtOAc, ee=29%) For further spectroscopic and analytical data of 1 and 43. see 
chapter 2 
Entry 2 1 (0 94 g, 2 30 mmol) was dissolved in HC02H/H20 (9/1, v/v, 100 mL) and stored in the refrigerator 
(5°C) over night The volatiles were evaporated at high vacuum (0 5 mmHg) and the residue was dissolved in EtOAc 
This solution was washed with sal NaHC03, brine and dried (MgS04) The residue was dissolved in acetonitnle/waler 
(4/1, v/v, 25 mL) and trielhylammomum formate (3 g) was added The solution was saturated with argon (to remove 
oxygen) and triphenylphosphinc (25 mg, 0095 mmol) and palladium(II)acetate (8 mg, 0 036 mmol) were added, 
followed by heating at reflux for 2 h The volatiles were evaporated in vacuo and the residue was dissolved in EtOAc and 
subsequently washed with sat NaHCOi and brine After drying (MgS04) the solvent was evaporated in vacuo and the 
residue was subjected to column chromatography (EtOAc/hcxanes=l/4, v/v) to yield 421 mg (66%) 1, ot^ =-17 9 
(c=3 20, EtOAc, ee=69%) and 99 mg (16%) 43. af? =+117 9 (c=2 62, EtOAc, ec=70%) For further spectroscopic and 
analytical data of 1 and 43 sec chapter 2 
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Entry 3 40c (1 00 g, 1 87 mmol) was dissolved in HCO2H/H2O (9/1, v/v, 100 mL) and an argon stream was 
passed through the resulting solution for 15 min in order to remove oxygen The reaction mixture was heated at 60°C 
under an argon atmosphere and the progress of the reaction was monitored by TLC (EtOAc/hexanes=l/2, v/v) After 
completion of the reaction (I 5 h ) the solution was diluted with EtOAc (100 mL) and subsequently neutralized by the 
:areful addition of ЫаНСОз The organic layer was then washed with bnne and dried (MgSC>4), followed by evaporation 
of the volatilesm vacuo The residue was dissolved in MeOH, and KCN (100 mg, I 54 mmol) was added After standing 
over night the volatiles were evaporated m vacuo and the residue was subjected to column chromatography 
(FtOAc/hexanes=l/4, v/v) to yield 185 mg (38%) of 1 and 35 mg (7%) of 43 For further spectroscopical and analytical 
data of 1 and 43 sec chapter 2 and table 3 3 
Entry 4 In HCO2H/H2O (9/1, v/v, 90 mL) was dissolved 40d (770 mg, 1 27 mmol, obtained by AD of acrolein 
diethyl ace tal) After 1 h the reaction mixture was diluted with EtOAc (100 mL) and neutralized by the careful addition 
3Í NaHC03 The organic layer was then washed with bnne and dried (MgS04), followed by evaporation of the volatiles 
m vacuo The residue was dissolved in dry THF (25 mL) and tetrabutylammonium fluoride (1 5 mL of a 1 M solution 
in THF) was added After 30 min the volatiles were evaporated in vacuo and the residue was subjected to column 
chromatography (btOAc/hexanes=l/4, v/v) to yield 190 mg (54%) of 1 and 100 mg (28%) of 43 For further 
spectroscopical and analytical data of 1 and 43 sec chapter 2 and table 3 3 
Entry 5 The same procedure was followed as described for entry 5 on a 1 80 mmol scale The used 40d was derived 
from the AD of acrolein benzodioxepine acetal For further spectroscopic and analytical data of 1 and 43, sec chapter 2, 
scheme 3 16 and table 3 3 
Entry 6 When the same procedure was followed as described for entry 2, only 2 products emerged which moved 
slower on TLC than 1 or 43 Therefore, an alternative procedure was followed as described for the PS condensations 01 
acetáis in chapter 2 40e (280 mg, 0 62 mmol) was dissolved in chloroform (20 mL) and TFA/H2O (1/9, v/v, I 0 mL) 
was added The resulting suspension was stirred over night at room temperature On TLC (EtOAc/hexanes=l/l v/v), 
besides the presence of starting material, again the 2 slow moving fractions were visible The solution was neutralized 
with NaHCC>3, washed with brine and dried (Na2S04) After evaporation of the solvent in vacuo the residue was 
subjected to column chromatography (EtOAc/hexanes=l/l, v/v) to yield 36 mg (13%) starting material 40e (fraction 
1), Rf 0 50, 115 mg (41%), Rf 0 28 (fraction 2), and 65 mg (23%), Rf 0 12 (fraction 3) The 90 MHz NMR spectrum 
af the 3™ fraction showed close resemblence with compound 42 In the NMR spectra of both the 2 n d and 3™ fractions 
the diethyl aLetal moiety was visible Most probably the THP-group of the components in fraction 2 shifted to the 
dlkoxyamine nitrogen The CIMSspectra of the 2 n d and 3 r d fractions both showed [М-Сг^О]"1" peaks (M=407) 
indicating only a shift of the THP group in the starting compound 













AD dibenzyl acetal 14 
AD diethyl acetal 12 
AD benzodioxepine 
acetal 15 
AD dibenzyl acetal 14 
AD diethyl acetal 12 
AD benzodioxepine 
acetal 15 
ее after AD^ a2,2 (c, mg/mL)c caled α£,2 (100% ее) 
60% -14 7 (3 00) -24 5 
54% -13 8 (4 85) -25 6 
9 7 % -26 8 (4 78) -27 6 
60% +100 4 (2 45) +167 3 
54% +88 5 (4 60) +163 9 
97% +166 5 (3 40) +171 6 
" See scheme 3 16 * See table 3 1 c All measured in EtOAc The optical rotations of 1 varied greatly in MeOH 
Introduction of the amino group via the Mitsunobu reaction. 
45a To 1 (100 mg, 0 36 mmol, ee=30%), phthalimide (80 mg, 0 54 mmol) and triphenylphosphine (190 mg 
0 72 mmol) in dry THF (0 5 mL), dnsopropylazodicarboxylate (0 11 mL, 110 mg, 0 54 mmol) was added dropwisf 
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with a syringe over a period of 5 min causing a slight exothermic reaction The progress of the reaction was monitored 
by HPLC (aietonilnle/water =3/7, v/v, flow=l mL/min , λ=254 nm), retention time (min) phthalimide (3 0), 
tnphenylphosphine oxide (4 0), 1 (4 8), 45a (6 4) and triphenylphosphine 8 8)) After 2 h the volatiles were 
evaporated in vacuo and the residue was subjected to column chromatography (EtOAt/hexanes=l/3, v/v) to yield 129 
mg (84%) of 45a as a while amorphous solid which failed to crystallize, Rr 0 47 (EtOAc/hexanes=l/l, v/v), 
α " =+77 6 (i=l 65. MeOH). CIMS(70eV) exact mass caled for C22H19N3O3S m/z. 405 1147 ((M]+) Found 
405 1149, m/7 (relative intensity) 405 ((M1+, 0 3). 186 (ІСцН | 0 N 2 O ] + , 3), 144 ([CioH|2N) + , 4 3), 130 
( [ C 9 H | 0 N | + , 7 2), 41 (100), Ή NMR (400 MHz) (all assignments are based on NOESY) δ 8 34 (very br s, IH, 
indole-NH), 7 90-7 85 (m, 2H. Phl-H2), 7 73 7 70 (m, 2H. Pht-H2). 7 49 (d, IH, J=7 6 Hz, C(8)H), 7 31 (d. IH. 
J=7 9Hz, C(ll)H), 7 14 (dl. J=7 I Hz and J=l 2 Hz, C(9)H). 7 09 (dt, IH, J=7 8 Hz and J=0 9 Hz. C(I0)H), 5 67 
(very br s, IH, C(3)Ha), 4 86 (br 1, IH, J=14 1 Hz, C(13)H), 4 69 (very br s, IH, C(3)Hß), 4 32 (s, IH, C(12b)Ha). 
5 15 (dd, 1 H, J= 14 0 Hz and J=5 3 Hz, C( 13)H), 3 94-3 90 (m, 1H, C( 1 )Hß), 3 86 (dd. 1H, J= 13 0 Hz and J=4 0 Hz, 
C(6)Hß), 3 24-3 16 (m, IH, C(7)Hß), 3 12 (ddd, IH, J=12 7 Hz, J=l 1 7 Hz and J=5 3 Hz, C(6)Hct), 2 66 (dd, IH, 
J=15 0 Hz and J=4 7 Hz, C(7)Ha) 
45b and 46b To 1 (50 mg, 0 18 mmol), Zn(N3)2»2Py (167 mg, 0 54 mmol) and tnphenylphosphine (190 mg, 
0 72 mmol) in dry toluene (1 0 mL), diisopropylazodicarboxylale (0 14 mL, 150 mg, 0 74 mmol) was added dropwisc 
via a syringe over a period of 5 mm causing a slight exothermic reaction The progress of the reaction of the reaction 
was monitored by TLC (EtOAc/hexanes=l/2, v/v) After 2 h the volatiles were evaporated in vacuo and the residue was 
subjected to column chromatography (EtOAt/hexanes=l/4) to yield 7 mg (13%) of 46b, Rf 0 58 (EtOAc/hexanes=l/2, 
v/v), Ή NMR (90 MHz) δ 8 07 (br s, IH, indole NH), 7 53 7 00 (m, 4H, indole-C(9)-C(12)H4), 5 29 and 5 00 (br 
AB, 2H, J A B =11 4 Hz, C(4)H2), 4 43 (br d, IH, J=5 0 Hz, С(ІЗЬ)Н), 4 04-3 93 (m, 2H), 3 77-3 58 (m, IH), 1 57 
3 25 (m, IH), 3 20-2 47 (m, 3H) and 23 mg (42%) of 45b, Rf 0 44 (EtOAc/hexanes=l/2, v/v), IR (NaCI), ν (cm"1) 
2110 (N3), CIMS(70cV) exact mass caled lor C14H15N5OS m/z, 301 0997 ([M]+) Found 301 0995, m/z (relative 
intensity) 301 ([M]+, 32). 259 ([M-N3 |+. 100), 144 (|CIOHioN]+, 12), 130 ([C9C8N1+, 4) Ή NMR (400 MHz) (all 
assignments arc based on NOE difference spectroscopy) δ 8 03 (br s. IH, mdole-NH), 7 49 (d, IH, J=7 8 Hz. C(8)H), 
7 34 (d, IH, J=8 0 Hz. C(l 1)H), 7 18 (dt. IH, J=7 5 Hz and J=l 1 Hz, C(9)H) 7 11 (di, IH, J=7 4 Hz and J=09 Hz, 
C(I0)H), 5 30 (br s, IH, C(3)Ha), 5 06 (very br s. IH. C(3)Hß), 4 45 (d. IH, J=4 9 Hz, C(12b)Ha), 4 04 3 99 (m. 
2H, C(l)Hß and С(П)Н), 3 71 (br s, IH, C(6)Hß), 3 40 (br s. IH. С(ІЗ)Н). 3 15 3 04 (m, 2Н, C(7)Hß and C(6)Ha). 
2 68 (br d, I H, J=I0 5 Hz, C(7)Ho) and 15 mg (30%) of recovered 1 
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Synthesis of a Tetracyclic Eudistomin 
Desthia Carba Analog 
4.1 Introduction 
The most intriguing structural unit of the tetracyclic eudistomins is the unprecedented 7-
membered [l,6,2]-oxathiazepine ring Probably, this remarkable ring system, which also contains 
two stereogenic centers, plays an important role in the interaction with the biological target In 
previous work it was demonstrated that the absolute stereochemistry (ι e lS,13bS), which 
determines the absolute spatial position of the two basic amino atoms, is essential for biological 
activity ' To investigate the relevance of the oxathio acctdl moiety for biological activity we 
considered the synthesis of analogs in which either the sulfur-3 or oxygen-5 atom is replaced by a 
methylene moiety 
chart 4.1 
debromo eudistomin К 
desthia caiba analog 









Because the synthesis of these eudistomin carba analogs differs significantly they will be 
discussed separately In this chapter the synthesis of the desthia carba analog using the 
mframolecular Pictet-Spengler (PS) approach will be described An attempted synthesis of the 
desoxa carba analog will be presented in chapter 5 
For the synthesis of the desthia carba analog the intermolecular PS condensation strategy was 
first considered The most straightforward strategy for closure of the seven membered D-nng is 
formation of the NO"C bond Earlier studies concerning this type of closure of the D-nng failed due 
to the higher nucleophilicity of the nitrogen atom giving a cyclic N-oxide Selective alkylation of 
the hydroxy group in Nb-hydroxy ß-carbolincs also failed due to the ambident nucleophilicity of the 
hydroxylamine moiety 3 Therefore, this approach is unlikely to be successful 
In the literature two successful approaches to the eudistomin desthia carba skeleton have been 
described (scheme 4 1 ) Kirkup and coworkers prepared the 7-membered 1,2-oxazine ring using the 
intramolecular PS condensation giving 2 in 54% yield 4 Kunhara and coworkers used the 
Meisenheimer [2,3] sigmatropic rearrangement to obtain 4, which contains the 2,3-dehydro desthia 
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carba eudistomin skeleton, in 80% yield.5 It is important to note that both approaches merely 




Both approaches only gave the 
ЩІ)-Н(ІЗЬ) trans diastereomers 
From the experience described in the preceding chapters it may be assumed that in the 
intramolecular PS approach performed by Kirkup and coworkers some cis diastereomer may be 
formed because the trans diastereomer was isolated in 54% yield only. Therefore, we undertook the 
synthesis of the eis desthia carba analog using the same strategy with the azide functionality 
replaced by a Boc protected amino group. The results are described in section 4.2. 
As it was expected that this approach would predominantly result in the undesired trans 
diastereomer another route was at the same time explored (scheme 4.2). The objective was to 
synthesize the cis diastereomer 6 by introducting the amino functionality via the /ra/ii-hydroxy 
derivative 5 using an S
n
2 type reaction. In chapter 3 it was demonstrated that diastereoselective 
formation of trans-hydroxy eudistomins can be achieved with the intramolecular PS condensation. 
In this chapter it was also mentioned that the S
n
2 strategy failed for the natural eudistomin series 
because the highly nucleophilic sulfur atom brought about a transannular neighboring group 
participation leading to the formation of undesired products. In the case of the conversion of 5 into 
6 the prospects are much better because of the absence of the sulfur atom. 
scheme 4.2 
trans cis 
NuH = ( ^ < A W .HN3 
6a: Nu=(Aloc)2N 
6b:Nu=N, 
For the introduction of the amino group with inversion the Mitsunobu procedure was again 
followed. Both diallyl imidodicarbonate and hydrazoic acid were investigated as nucleophiles in the 
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Mitsunobu reaction, as is depicted in scheme 4.2. The results of these experiments are described in 
section 4.3. 
4.2 Direct Approach Based on D-glutamic Acid 
Retrosynthetic analysis of the intramolecular PS approach (scheme 4.3) shows that for the 
tryptamine part Nb-Teoc-Nb-hydroxytryptamine 8 can be used. For the chiral five-carbon α-amino 
ester fragment 9, D-glutamic acid is a suitable optically pure synthon. 
scheme 4.3 
R = protective group 
Lg = leaving group 









4.2.1 Synthesis of the (D)-Glutamic Acid Derived Fragment 
Several strategies are known to discriminate between the two carboxyl groups in glutamic acid. 
The carboxyl moiety of α-amino acids can be shielded by trityl protection of the amino group. In 
the case of glutamic acid this gives the possibility for selective chemical manipulation of the γ-
carboxyl group. Using this strategy, (D)-Trt-Glu(OH)-OMe 11 was synthesized in 76% yield by 
selective saponification of the γ-ester in (D)-Trt-Glu(OMe)-OMe 10 following a modified literature 
procedure (scheme 4.4).6 
scheme 4.4 
MeO 
0 0 О О 
i l ^ JL 2NNaOH U
 л
 11 
HNTrt f ° i HNTrt 
10 L o J 
OMe 
11a 
Selective reduction of the terminal carboxyl group with borane dimethylsulfidc surprisingly gave 
Trt-Pro-OMe 14a in a nearly quantitative yield (scheme 4.5).7 As shown in scheme 4.5 this can be 
explained by the formation of a cyclic iminium-ion from the intermediate aldehyde, probably 
catalyzed by the borane reagent. The highly electrophilic iminium ion is then reduced by the borane 
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This surprisingly efficient side reaction can probably be avoided by using an electron 
withdrawing carbamate type amino protective group thus lowering the nucleophilicity of the 
nitrogen atom. Therefore, (D)-Boc-Glu(OH)-OMe l i b and (D)-Z-Glu(OH)-OMe l i e were 
synthesized from the corresponding N-protected (D)-Glu derivatives 15b,c via the cyclic anhydrides 
16b,с by a method described in the literature. This procedure is based on the selective 
crystallization of the dicyclohexylammonium (DCHA) salt of the γ-carboxylate from a mixture 












16b,c ll  14b ¿ 
ι) DCC or acetic anhydride, u) Ν,Ν-dicyclohexyl amine, methanol, in) 10% aqueous citric and, iv) BHj'SMe2 
However, selective reduction of the γ-carboxyl groups in l lb.c again gave the corresponding 
protected proline methyl esters 14b,c10 in nearly quantitative yields. 
By blocking the nucleophilicity of the amino group completely with the phthaloyl protective 
group the γ-alcohol 17d was obtained indeed in good yields (scheme 4.7). (D)-Pht-Glu(OH)-OMe 
lid was prepared from (D)-Z-Glu(OH)-OMe l ie (scheme 4.6) by hydrogenolytic removal of the Ζ 
group followed by re-protection with the phthaloyl group by treatment with N-
carbethoxyphthahmide and sodium carbonate to give lid in overall 63% yield Reduction of the 
γ-carboxyl group with borane dimethylsulfide gave γ-alcohol 17d in quantitative yield 
scheme 4.7 
l ie 
1, II HO 
о о 





i) 10% Pd(C), H2. ») N-carbethoxyphthahmide, Να2<Χ>3. ΗιΟ, m) BHySMe2, THF, ιν) TMSCl, LiBr, MeCN, reflux 
v) TMSI, CH2a2, ElOH, vi) CH2N2. CH2CI2/E12O 
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For conversion of γ-alcohol 17d into the γ-bromide 18d the mild and selective reagent 
bromotrimelhylsilane was chosen. Besides the formation of some γ-bromide 18d (28%) the main 
product was the lactone 19 (47%). Probably, the lactonization was catalyzed by the presence of 
small amounts HBr in the reaction mixture. Ringopening of the lactone 19 with iodotrimethylsilane 
gave the 7-iodo acid. Treatment of the acid with diazomethane gave 18e in quantitative yield based 
on 19. 
Finally, we found that the terminal primary alcohol 17a could be obtained in one step by 
selective reduction of (D)-Trt-Glu(OMe)-OMe 10 with lithiumaluminum hydride under controlled 
conditions (scheme 4.8). 
scheme 4.8 О О 
М е О ^ ^ ^ О І И е




10 HNTrt o°C 
Addition of lithiumaluminum hydride, while carefully monitoring the progress of the reaction by 
TLC, lo a stirred solution (at 0°C) of the dimethyl ester 10 in ether gave 17a in 85% yield. 
As is shown in scheme 4.9 attempted transformation of the alcohol into the tosylate gave Trt-
Pro-OMe 14a as the main product. Although the tosylate was visible on TLC as an intermediate it 
was not possible to optimize the reaction conditions. 
Surprisingly treatment of the alcohol 17a at low temperature (-20°C) with methanesulfonyl 
chloride and triethylamine in ether gave the mesylate 18a in high yield. It should however be noted 
that mesylate 18a was only stable below -20°C. At higher temperatures intramolecular nucleophilic 
ringclosure takes place, yielding some 14a. The simultaneously formed methanesulfonie acid 








Ч / Л ч А „ . MsCl,Et3N „ л N
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Trt 0°С HNTrt Et2O,-20°C HNTrt 
14a 17a 18a 
Both mesylate 18a (scheme 4.9) and iodide 18e (scheme 4.7) have been used in the coupling 
reaction with the tryptamine fragment. 
4.2.2 Coupling of (D)-Glutamic Acid Derived Fragments with ND-Teoc-ND-
hydroxytryptamine, Followed by the PS Condensation 
Coupling: Alkylation of the sodium alkoxide of Nb-Teoc-Nb-hydroxytryptamine 8a with alkyl 
iodide 18e was carried out as described for the iodomethyl sulfides in the preceding chapters. In 
contrast to the iodomethyl sulfides alkyl iodide 18e reacted very slowly. After allowing the reaction 
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mixture to stand over night, 20b was obtained in 62% yield together with 22% recovered 
alkyliodide 18e. 
Nucleophilic coupling of mesylate 18a with the sodium alcohólate of Nb-Teoc-Nb-hydroxy 
tryptamine 8a in DME was initially carried out at 0°C but at this temperature no conversion of the 
starting material could be observed. Surprisingly, no proline formation was detected (vide supra). 
However, after standing of the reaction mixture at room temperature over night all starting material 
had been consumed (scheme 4.10) to give 20a in 67% yield. As a consequence of the long time of 
exposure to the basic conditions used in the nucleophilic coupling reaction 20 was isolated as a near 
racemate in both approaches from. 
The phthaloyl and trityl protective groups in 20b and 20a, respectively, will not survive the 
reductive and acid catalyzed steps used in the PS condensation. Therefore, at this stage the 
phthaloyl and trityl groups were replaced by the Boc group. This Boc group was chosen because it 
gave the best cis/trans ratio in the intramolecular PS condensation (sec chapter 2). 
BocHN ^""^ BocHN ^ " ^ 
i) 18a or 18e, NaH, DME, rt; ¡i) 20a: IM HCl ¡η F)CCH2OH, 20b: MeOH, Η2N-NHj+OAc': Ш) Boc20. Et3N 
CH2Cl2; iv)n-Bu4NCl, KF'2H20. MeCN, 45°C 
Dephthaloylation was carried out by treatment of 20b with hydrazine acetate in methanol to give 
21 in 70% yield. The trityl group was removed by titration of 20a with 0.1M HCl in 2,2,2-
trifluoroethanol giving 21 in 70% yield. Subsequent treatment of the free amine in 21 with di-/ert-
butyl dicarbonate and triethylamine in dichloromethane gave the Boc-protected 22 in 92% yield. 
Removal of the Teoc protective group with tetrabutyl ammoniumchloride and potassium fluoride in 
acctonitrile gave the desired substrate 7 in 95% yield. 
PS condensation: As shown in scheme 4.11, reduction of the methyl ester with DIB AL at -75°C 
followed by treatment of the obtained aldehyde with TFA resulted in cyclization in 72% yield. At 
first glance inspection of the crude reaction mixture by both TLC and NMR spectroscopy only 
indicated the presence of the trans diastereomer 23. Close examination of the isolated fractions 
obtained after purification of the reaction mixture by flash chromatography showed however the 
presence of the desired cis diastereomer 24 as well in 1.3% yield. 
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Subsequent removal of the Boc group from the isolated cis diastereomer 24 by treatment with 
lodotnmethylsilane gave the desthia carba eudistomin analog 6c in 64% yield. 
scheme 4. 
''" CX/X »ли CçQv CçQo 
н /н 
BOCHN' 
23 (trans, 71%) 
24 
The cis/trans structure assignments were made using 400 MHz 'H-NMR data In the natural 
eudistomin series it was found that cis/trans assignment was possible using the Ô-values of the 
indole-NH protons In the X-ray crystal structure of the trans diastereomer it was deduced that the 
C(l)-amino group occupies an equatorial position (see chapter 8) which allows formation of an 
intramolecular hydrogen bond between the indole-N proton and the C(l)-amino nitrogen From the 
X-ray structure ot the cis diastereomer it was concluded that the amino substituent occupies an axial 
position in which no intramolecular hydrogen bond is possible This difference in spatial position of 
the C(l)-amino group and its ability to form a hydrogen bond with the indole-NH is clearly seen in 
the 'H-NMR spectra The indole-NH of the trans diastereomer absorbs 1.4 ppm lower than in the 
cis isomer 
Shankar and coworkers succeeded in obtaining an X-ray crystal structure from the trans desthia 
carba analog with the NH2 group functionalized with a 4-nitrobcnzoyl group to facilitate 
crystallization (chart 4 2) 13 
chart 4.2 X-ray structure of trans N( 1 )-4-nitrobenzoyl desthia carba eudistomin. 
02N 
This X-ray analysis reveals that the functionalized C(l)-amino sidechain occupies an equatorial 
position, and that there is a hydrogen bond between the amide carbonyl and the indole-N proton In 
the NMR spectrum of the trans carba analog also a downfield shift was observed for the indole NH 
proton (/ e Δδ=Ι 0 ppm), suggesting the same spatial orientation of the C(l)-amino side groups in 
cis/trans desthia carba derivatives as is found in both 'natural' eudistomin diastereomers (see 
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paragraph 4.3.2 and chapter 8). It is also noteworthy that the (Boc) t-butyl singlets in the NMR 
spectra of the natural and desthia carba series are located at exact the same δ values {viz. 1.17 ppm 
in the cis diastereomer and 1.52 ppm in the trans diastereomer). Due to broadening and overlap of 
the NMR signals no cis/trans assignments could be made on the basis of the vicinal coupling 
constants of H(l) and H(13b). 
4.3 Approach Based on the Displacement of the OH-group 
in a C(l)-hydroxy Desthia Carba Eudistomin Analog 
As outlined in the introductory section an alternative method for the synthesis of the desired cis 
desthia carba eudistomin analog involves a displacement of the C( 1 )-OH group in a corresponding 
trans diastereomer using a S
n
2 type reaction (see scheme 4.2). The rctrosynthesis of the required 
C(l)-hydroxy trans eudistomin analog is depicted in scheme 4.12. 
Scheme 4.12 Cu « N. 
~~¡Γ ι Η A|0C' S ° H 
N ^ H N U 0 = > 8b
 + 
H H C ( O E t ) 2 \ ? E t 
»BDPSoO' B r — y S » 
25 tBDPSO 26 
The feri-butyldiphenylsilyl (tBDPS) group was selected as a directing group in the PS 
cyclization, and therefor the Aloe group was chosen for the protection of the Nb amine group. For 
the chiral five carbon fragment (S)-5-bromo-2-(ferf-butyldiphenylsilyloxy)-pentanal diethyl acetal 
26 no chiral pool derived synthon is available. A synthesis of 26 is conceivable starting from 5-
bromo-1-pentene using the Sharpless asymmetric dihydroxylation (AD). 
4.3.1 Synthesis of (S)-5-Bromo-2-(tert-Butyldiphenylsilyloxy)-pentanal 
Diethyl Acetal and its Coupling with Nb-Aloc-ND-hydroxytryptamine 
The synthesis of (S)-5-bromo-2-(fert-butyldiphenylsilyloxy)-pentanal diethyl acetal 26 was 
accomplished from 5-bromo-1 -pentene 27 (scheme 4.13). According to Sharpless and coworkers, 
catalytic asymmetric dihydroxylation of 1-alkenes proceeds with high chemical and optical yields. 
Treatment of 5-bromo-1-pentene with AD-mix α gave diol 28 in an outstanding yield of 94% but 
with a disappointing e.e. of 65%. The optical purity of the diol was determined by transformation 
into the di-(/?)-MTPA ester and subsequent 19Fand 'H-NMR analysis.15 
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scheme 4.13 p.-
Л*Вг' 





ή AD mix a, lBuOH/H20=l/l. 4°C u) iBDMS CI, imidazole, DMF, rt. ut) iBDPS-Cl. imidazole. DMF, rt, iv) PPTS, 
ЕЮН, 40°C I2h,v)(COCI)2, DMSO, CH2CI2 E13N, vi)HC(OEt)3, ЕЮН, TsOH 
The primary alcohol in 28 was protected as a tBDMS ether followed by protection of the 
secondary alcohol as a tBDPS ether to give 29 in 64% overall yield Selective removal of the 
tBDMS group by treatment with the mild acid pyndinium-p-toluene sulfonic acid (PPTS) 
proceeded sluggishly and the primary alcohol 30 was obtained after column chromatography in 
53% 1 6 Subsequent S wem oxidation and protection of the obtained aldehyde by conversion into the 
diethyl acetal by treatment with tnethyl orthoformate in ethanol gave 26 in overall 94% yield from 
30 Although we did not check the preservation of the е е in the reaction sequence 
28—»29—»30—»26 it may be assumed that no racemization has been occurred based on related 
transformations which have been described in both the literature17 and chapter 3 
Coupling Substitution of the primary bromide with the sodium salt of Nb-Aloc-Nj,-
hydroxytryptamine 8b was accomplished after stirring for 3 days at 50°C to give 31 in 50% yield 
After that time no further progress of the reaction could be detected by TLC analysis, although both 
starting compounds 8b and 26 were still present and could be recovered after column 
chromatography Removal of the Aloe group by treatment with palladium(ll)acetate, triphenyl-
phosphine and tnethylammonium formate (TEAF) afforded 25 in 88% yield At this point it is 
interesting to note that about 10 eq TEAF were necessary in order to avoid allylation of the 
unprotected Nb-amine Clearly, the very nuclcophilic a-alkoxy amine18 competes with the formate 
anion in trapping the allyl cations 
scheme 4.14 
- ^ N 
H 
8b 
B r · ^ - ^ 
26 












1) PME. 50°C. 3 days, ti) Pd(Il)Ac, Et
 }NH02CH, MeCN/H20 (4/1. v/v). reflux 
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4.3.2 Pìctet-Spengler Condensation 
The PS condensation of α-fert-butyldiphenyl-silyloxy diethyl aceta! 25 took place smoothly m 













After removal of the silyl protective group with tetrabutylammonium fluoride the cis/trans 
diastereomers 32/5 were isolated in 99% overall yield in a 21/78 ratio 
Unexpectedly, in contrast with the direct approach using the ferf-butyloxycarbonylamino group, 
with the ferf-butyldiphenylsilyloxy group no exclusive trans diastereoselectivity was found In the 
natural eudistomin series the diastereomenc ratio obtained in the PS condensation was the same for 
ferf-butyldiphenylsilyloxy (chapter 3) and terf-butyloxycarbonylamino (chapter 2) groups 
In the 400 MHz NMR spectra a downfield shift was observed for the indole NH proton (ι e 
Δδ=1 1 ppm) in the trans diastereomer due to the presence of a hydrogen bond between the oxygen 
atom and the indole NH proton {vide supra) The NOES Y spectrum of the cis diastereomer 32, 
suggested the same conformation of the [l,2]-oxazepine ring as is found for the [1,6,2]-
oxathiazepine ring m natural eudistomms (see chapter 8), for H( 13b)oc connectivities were found 
with both H(2)a and H(7)ct, indicating that these protons are all axially orientated in space, in 
combination with the connectivity between H(l)a and the indole-N proton, indicating that H(l)a 
occupies an equatorial position 
4.3.3 Introduction of the Amino Functionality via the Mitsunobu Reaction 
As outlined in chapter 3, for the S
n
2 type introduction of the amino group the Mitsunobu reaction 
is appropriate Initially the promising acidic Mitsunobu nucleophile diallyl îmidodicarbonate20 was 
chosen After work-up both NMR and mass spectroscopy showed however incorporation of the 
reduced form of dnsopropyl azodicarboxylate (viz 1,2 dnsopropoxy-carbonylhydrazine) instead of 
diallyl îmidodicarbonate, giving a product in 42% yield whose structure will be elucidated later 
Substitution of THF by toluene did not alter the outcome of the reaction Also with phthalimide the 
same side product was formed in 24% yield 
For this side reaction a literature precedent was found 21 Alcohols can give smooth reactions 
with tnphenylphosphine/dialkyl azodicarboxylate when the reacting alcohol is capable of forming 
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stable carbomum ions That the formation of a stable carbon lu m ion occurred during the Mitsunobu 
reactions described in this chapter will be discussed later in this paragraph 
Use of the very small nucleophile formed from hydrazoic acid gave a clean substitution reaction 
and the azide was isolated after column chromatography in 81% yield Comparison of the 90 MHz 
NMR spectrum of this isolated azide with the NMR spectrum of the trans desthia carba-eudistomm 
azide, synthesized by К irk up and coworkers, was reason to be suspicious ' 3 In the 'H-NMR 
spectrum of the azide obtained a broadened doublet (J=9 4 Hz) is present at S I ppm Since in all 
isolated tetracyclic cudistomms the 'H-NMR signal of H(13b) is located in the 3 9-4 6 ppm region 
(sec tables 2 1 and 2 2 in chapter 2) this doublet must anse from H(l) In the 'H-NMR spectrum of 
the trans azide analog, obtained by Kirkup and coworkers, H( 1) is part of a multiplet in the 3 4-4 0 
ppm region Because a Δδ of I 1 ppm for the H( 1 ) signals in the cis/trans diastereomers is very 
unlikely it must be concluded that during the Mitsunobu reactionthe target compound has not been 
formed Z 2 
Apparently, as in the diastereoselcctive approach of the natural eudistomin series, transannular 
neighboring group participation had occurred After formation of the phosphonium leaving group 
the bridge-head nitrogen (which is highly nucleophilic due to the alpha-effect of the alkoxy 
substituent16) attacks to form the pentacyclic azindinium intermediate 34 (scheme 4 16) 
Subsequent attack of the present azide anion takes place only at the benzylie position (vide infra) 
yielding the azepine 35a in 81% yield 
scheme 4.16 









35a Ν 3 
PPh3PO 
© 33 34 
The incontrovertible proof of structure 35a was given by X-ray crystal structure determination 
(scheme 4 17) For this purpose the azide group was reduced by catalytic hydrogénation with Pd/C 
to give 35b in 49% yield followed by treatment with 4-nitrobenzoyl chloride to give 35c in 63% 





1)H2, Pd/C, MeOH 
2)Et3N,CH2Cl2, N 




X-ray crystal structure of 35c 
A related reaction is described in the literature (scheme 4.18).23 Reduction of 36a (HCl salt) and 
36b with sodium borohydride in DME gave unexpectedly the azepines 38a and 38b in yields of 
52% and 30%, respectively. Although not stated in the original paper one can assume that the 




36a: R=H, X=C1 
36b:R=Ts,X=OTs 
NV H A 
38a: R=H 
38b:R=Ts 
With this information at hand also the formation of the earlier mentioned side product formed 
when diallyl imidodicarbonate or phthalimide were used as nucleophiles in the Mitsunobu reaction, 
can be explained. As mentioned above incorporation of the elements of 1,2-dialkoxycarbonylhydra-
zine only takes place when the reacting alcohol can form stable carbonium ions. That formation of a 
stable carbonium in our reaction sequence is very likely is shown in scheme 4.19. After formation 
of the aziridium-ion 34 ringopening occurs to yield the relatively stable secondary and benzylic 
carbocation 39. Attack of 1,2-diisopropoxycarbonyI-hydrazide 40 gives the intermediate compound 
41, which immediately undergoes an intramolecular condensation to give 42. 
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The reason that this side reaction is only found with the two imide type nucleophiles and not 
with hydrazoic acid, is probably a combination of two factors the presence of an intermediate 
carbonium ion and the difference in pK
a
 of the nucleophiles Firstly, the phosphonium salt 33 (see 
scheme 4 16) rapidly forms the azindinium intermediate 34 (scheme 4 19)2 4 This reactive species 
may have a different preference for nucleophiles than phosphonium salts 33 




2 C V%0 2 R
 + N U H 
© 4 0 
R02c И + N u
0 
N COzR H 
Apparently, in the case of NuH=imide the more nucleophilic 40 is present in sufficient 
concentrations to form the hydrazide adduct 41, whereas with NuH=hydrazoic acid the equilibrium 
is immediately shifted to the right, leading to product 35a exclusively 
An interesting adventitious circumstance is the resemblance of the skeleton of the tetracyclic 
azepines 35 with the naturally occurring ngouniensines, which were isolated as the major indole 
alkaloids of Strychnos Ngoumensn (scheme 4 20) 25 
scheme 4.20 Ngouniensine R ' = H , R2= 
€t 
epingouniensine R'=Et, R=H 
Finally, it is of interest to note that during the PS condensation shown in scheme 4 15 and the 
subsequent reaction under Mitsunobu conditions the optical integrity is predominantly retained as 
was apparant from the optical purity of product 35b By means of analytical HPLC the optical 
purity of 35b was determined26 to be 78%, corresponding with an e e of 56% The starting material 
28 had an e e of 65%, implying that in the sequence of 28 to 35b only 9% of e e was sacrificed 
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4.4 Conclusion 
The synthesis of the target cis desthia carba analog was accomplished using the intramolecular 
PS condensation albeit in only 1% yield. The substrate needed for this PS condensation was 
obtained by coupling of a tryptamine fragment and a fragment derived from D-glutamic acid. 
However, due to the conditions used during this coupling almost complete racemization of the 
stereogenic center present in the glutamic acid fragment had to be accepted. 
The attempted displacement of the C(l)-OH group in the trans desthia carba eudistomin analog 
by an amino function using the Mitsunobu methodology was not successful. A deviating reaction 
was observed in which the bridgehead nitrogen atom took part by formation of an intermediate 
aziridinium ion, which ultimately resulted in the formation of 6/5/6/7 tetracyclic ring system. The 
anchimeric effect of the bridgehead N prevented the planned S
n
2 displacement during the 
Mitsunobu reaction. 
4.5 Experimental Part 
For general remarks see the experimental part of chapter 2. 
Synthesis of the iPVplutamic acid derived compounds: 
Dimethyl /V-trityl-D-glutamate (10): To cooled (0°C) dry methanol (35 mL) was added with stirring thionyl 
chloride (12.5 mL, 7.7 g, 64 mmol) over a period of 30 mm. To the resulting solution D-glutamic acid (5 g, 34 mmol) 
was added in one portion. The resulting white suspension became a clear solution after ca. 1 hour After standing of the 
reaction mixture over night the volatiles were evaporated in vacuo. The residue was dissolved in methanol (2.5 mL) and 
poured into ether/hexancs (30 mL. 1/1, v/v). The product was collected by filtration and dried (KOH), to yield 7 0 g 
(96%) of (D)-HCl-Glu(OMe)-OMe as a white crystalline solid which was then dissolved in dry DMF (40 mL) To this 
stirred solution, tncfhylamine (9.1 mL, 6 6 g, 66 mmol) and tntyl chloride (9.1 g, 33 mmol) were added. After stirring 
of the reaction over night the volatiles were evaporated in vacuo. The residue was dissolved in EtOAc (50 mL) and 
successively washed with 10% citric acid, sal. ЫаНСОз and brine. After drying (MgSC>4) the solvent was evaporated in 
vacuo to yield 12 7 g (93%) of 10 as a white solid; R f 0.53 (EtOAc/hexanes=I/2, v/v); >H NMR (90 MHz) δ 7.56-7 09 
(m, 16H, 3xC6H5 and NH), 3.70 (s, 3H. γ-ΟΟΗ3), 3.58-3.31 (m, IH, α-H), 3.16 (s, ЗН, О-ОСНз), 2.76-2.13 (m, 4Н, 
СН2СН2) 
a-Methyl-/V-trityl-D-glutamate (lia): То dioxane (50 mL) was added 10 (5.0 g. 12.0 mmol) and 2N NaOH (50 
mL). The resulting 2-phase system was efficiently stirred over night at room temperature. The reaction mixture was 
acidified with NaHS04 and the product was extracted with ether (50 mL). The organic layer was washed with brine and 
dried (MgSC>4). The volatiles were evaporated ш vacuo and the residue was subjected to column chromatography 
(MeOH/CHCl3=7/93)toyield3.7g(76%)of H a a s a white crystalline solid, Rf 0.61 (МеОН/СНС1з=15/85); 'HNMR 
(90 MHz) δ 7 53-7.09 (m, 16H. 3xC 6H 5 and NH), 3.29 (t, 1 H, J=6.0 Hz, α-H), 3.17 (s, 3H, OCH3), 2.59-2 40 (m, 4H, 
СН2СН2) 
Borane dimethyl sulfide reduction of Па-с: Methyl JV-Trityl -D-prolinate (14a): Glutamate H a (2.5 g, 6.2 mmol) 
was dissolved in freshly distilled THF (25 mL) employing flame dried glass equipment under an argon atmosphere. 
BH3*SMc2 (6 β mL of a IM solution) was gradually added with stirring When this addition was completed stimng was 
continued for another 30 mm., then sat aq. NaHCC>3 (50 mL) was cautiously added The organic layer was washed with 
sat. aq NaHC03 and brine, then dried (MgSC<4) and concentrated in vacuo to give 2.38 g (99%) ofl4a as a colorless 
solid; Rf 0 65 (MeOH/CHCl3=7/93, v/v); a " =+55.0 (c=3.80. MeOH); ІН NMR (90 MHz) δ 7.62-7.14 (m, 15Η, 
3xPhH5), 3.92 (dd, IH, J=8.5 Hz and J=2.2 Hz, α-H). 3.69 (s. ЗН, OCH3), 3.56-3.30 (m, IH, NCHH), 2.98-2.73 (m, 
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IH, NCHH), 1 73-0 83 (m, 4H, СН 2 СН 2 ), CIMS(70eV), m/z (relative intensity) 372 ([M+l]+, 1), 243 ([CPh 3 ] + , 100), 
165(17) 84(6), 49(18) 
Methyl iV4tert-butyloxycarbonyl)-D-prolinate (14b) Obtained in 98% yield on a 15 mmol scale using the same 
procedure as described for 14a, Rf 0 36 (EtOAc/hexanes=l/2, v/v), a^2=+65 7 (c=3 00, MeOH), >H NMR (90 ΜΗ/) δ 
4 39-4 16 (m, IH, α-H), 3 72 (s, 3H, OCH 3), 3 65-3 26 (m, 2Н, NCH2), 2 38-1 75 (m, 4H, CH 2 CH 2 ), 1 40 (s, 9Н, 
С(СНз)з). CIMS(70eV), m/z (relative intensity) 230 ([M+l]+, 37), 174 (46), 130 (60), 114 (40), 70 ([C 4HgN]+, 100), 
57([C4Hç)]+,48) 
Methyl jV-(benz)loxycarbonyl)-D-prolinate (14c) Obtained in 96% yield on a 9 mmol scale using the same 
procedure as described for 14a All spectroscopical data were identical with those described in the literature ' 
α-Methyl /V-phthaloyl-D-glutamate (lid) To (D)-H-Glu(OH)-OMc6 (2 5 g, 15 5 mmol) dissolved in water (20 
mL) was added № 2 СОз (1 65 g, 15 5 mmol) and N carbethoxyphthalimide (3 6 g, 16 4 mmol) After stirring for 1 5 h 
the reaction mixture was acidified with 2N KHSO4 and EtOAc (50 mL) was added After washing with brine and 
drying (MgS04) the solvent was evaporated in vacuo followed by purification of the residue by column 
chromatography (MeOH/CH2CI2=2/98, v/v followed by MeOH/CH2Cl2=l/9, v/v) to yield 2 85 g (63%) of l i d as a 
while solid, Rt 0 29 (McOH/CH2Cl2=7/93, v/v), Rf 0 14 (ElOAc/hexanes=2/l, v/v), a " =+48 3 (c=8 4, MeOH), ІН 
NMR (90 MHz) δ 9 02 (very br s, IH, COOH), 7 97-7 66 (m, 4H, C6H4), 5 03-4 87 (m, IH, a-H), 3 76 (s, 3H, 
COOCH3), 2 93 2 32 (m, 4H, CH 2 CH 2 ), EIMS(70cV), m/z (relative intensity) 292 ([M+I]+, 2), 259 (13), 186 (100) 
Methyl (R)-5-hydroxy-2-tritylamino-pentanoate (17a) To a cooled (0°C) solution of 10 (5 0 g, 12 0 mmol) in dry 
ether (100 mL) employing flame dried glass equipment under an argon atmosphere was added L1AIH4 (0 36 g, 9 6 
mmol) in 3 portions over a period of 10 min The reaction was monitored by TLC (EtOAc/hexanes=l/l) After 
consumption of the starting material (30 min ) NaOH (5 mL of a IM solution) was added cautiously and the resulting 
grey suspension was stirred until a white color appeared The salts were removed by nitration over hyflo and after 
drying (MgS04) the solvent was evaporated m vacuo The residue was subjected to column chromatography 
(ElOAc/hexancs=l/l) to yield 3 94 g (85%) of 17a as a white foam, Rf 0 29 (EtOAc/hexanes=l/l, v/v), a2}2 =-53 0 
(c=2 85, MeOH), Ή NMR (90 MHz) δ 7 56-7 16 (m, 16Η, 3xC 6H 6 and NH), 3 64 (t, 2H, J=6 0 Hz, HCCH2), 3 39 (t, 
IH, J=5 9 Hz, α H), 3 18 (s, 3H, COOCH3). 2 28 (very br s IH, exchangeable, OH), 1 96-1 40 (m, 4H, CH 2 CH 2 ), 
CIMS(70eV), m/z (relative intensity) 390 ([M+l]+, 1), 243 ([CPh 3]+, 100), 146 (М-СРЬз]+, 3 5) 
Methyl (R)-5-hydroxy-2-phthaloylamino-pentanoate (17d) To a stirred solution of l i d (2 85 g, 9 8 mmol) in 
freshly distilled THF (50 mL) employing ñame dried glass equipment under an argon atmosphere BH3»SMe2 (25 mL 
of a IM solution in THF) was added dropwise (evolution of H2) After completion of the reaction (1 h ) the reaction 
was worked-up as mentioned for 14a to yield 2 7 g (99%) of 17d as a white solid which was homogeneous by TLC, Rf 
0 36 (EtOAc/hexancs=2/l, v/v), ІН NMR (90 MHz) δ 7 92-7 68 (m, 4H, С6Щ), 4 90 (dd, IH, J=6 6 Hz and J=8 9 Hz, 
α Η), 3 74 (s, ЗН, СООСНз), 3 67 (t, 2Н, J=6 3 Hz, HOCJJ2). 2 4 7 " 2 2 0 ( m · 2 H - HOCH2ffl2CH2), 1 95 (br s, IH, 
exchangeable, OH), 1 73 1 44 (m, 2H, Н О С Н 2 С Н 2 Щ 2 ) , EIMS(70eV), m/z (relative intensity) 277 ([M]+, 1), 245 
(13), 218 (35), 148 (49), 71 ( [ C 4 H 7 0 ] + , 100) 
Methyl (R)-5-methylsulfonyloxy-2-tritylamirro-pentanoate (18a) To a cooled (-20°C) and stirred solution of 17a 
(0 5 g 1 29 mmol) and triethylamine (0 54 mL, 0 39 g, 3 86 mmol) in ether (20 ml ) methanesulfonyl chloride (0 25 
mL, 0 37 g, 2 57 mmol) was gradually added (over a period of 20 min ) After additionally stirring for 15 min , the salts 
were removed by Filtration over hyflo The resulting solution was then washed with 10% citric acid, sat NaHC03, and 
brine After drying (MgSÛ4) the solvent was evaporated m vacuo to yield 0 6 g (99%) of 18a as a colorless oil which 
decomposes at room temperature Storage is however possible for a few days in the relngator (T<-20°C), Rf 0 15 
(EtOAc/hexanes=l/2, v/v), ІН NMR (90 MHz) δ 7 54-7 15 (m, 16Η, ЗхС6Нб and NH), 4 31-4 18 (in, 2H, J=6 0 Hz, 
MsOCH2), 3 34-3 31 (m, IH, α-H), 3 18 (s, 3H, COOCH3), 3 00 (s, 3H, HiCSOi), 1 89-1 76 (m, 4H, CH 2 CH 2 ) 
Methyl (R)-5-bromo-2-(phthaloylamino)-pentanoate (18d) and (R)-a-(phthaloylamino)-6-valerolactone (19) 
To a stirred solution of chlorotrimcthykilanc (3 14 mL, 2 7 g, 25 mmol) and lithium bromide (1 74 g, 20 mmol) in dry 
acctonilnle (10 ml.) was added 14a (2 7 g, 9 8 mmol) The reaction mixture was healed at reflux over night After 
evaporation of the volatiles m vacuo the residue was subjected to column chromatography (EtOAc/hcxancs=l/2, v/v) to 
yield 0 93 g (28%) of 18d as a white solid, Rf 0 47 (FtOAc/hexanes=2/3 v/v), Ή NMR (90 MHz) δ 7 93-7 70 (m, 4Η, 
С6Н4), 4 86 (dd, IH, J=6 9 Hz and J=8 7 Hz, α-H), 3 73 (s, ЗН, COOCH3), 3 40 (t, 2H, J=6 5 Hz, BrCH2), 2 56-2 28 
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(m, 2H, В1СН2СН2Ш2)· 2 04-1 74 (m, 2Н, ВгСНгШгСНг). EIMS(70eV), m/z (relative intensity) 340/342 (ÍM+1] + 
2), 280/282 (95), 200 (100) and 1 18 g (47%) of 19 also as a white solid, Rf 0 21 (ElOAc/hcxanes=2/3, v/v), ІН NMR 
(90 MHz) δ 7 93-7 68 (m, 4H, С
б
Н4), 4 94 (dd, IH, J=7 β Η/ and J=l 1 0 Hz, α Η), 4 52 (t, 2Η, J=6 0 Hz, OCH2X 
2 76-199(m,4H,CH2CH2) 
Methyl (R)-5-iodo-2-(phthaloylamino)-pentanoate (18e) from 19 To 19 (1 18 g, 4 8 mmol) dissolved in dry 
dichloromethane (10 mL) was added lodotrimcthylsilane (0 68 mL, 0 96 g, 4 8 mmol) After stirring for 1 h another 
portion lodotnmethylsilane (0 34 mL, 0 48 g, 2 4 mmol), together with EtOH (0 73 mL, 0 55 g, 12 mmol) were added 
After standing for 2 h no conversion of the intermediate product (1 e the α-acid) was detected by TLC The reaction 
was worked-up by evaporation of the volatiles in vacuo The residue was dissolved in ElOAc (50 mL) and washed with 
two portions of water, bnne and dried (MgSC>4) Removal of the volatiles ш vacuo gave the crude acid which was 
subsequently dissolved in CH2CÜ2/Et20 (1/1, v/v, 50 mL) To this solution was added diazomelhane (20 mL of a 0 3M 
solution) which brought about immediately evolution of nitrogen After standing for 10 min a few drops of formic acid 
were added to quench the excess diazomethane and the volatiles were evaporated in vacuo The residue was dissolved 
in EtOAc (50 mL) and subsequently washed with 10% Na2C03 and dried (sal NH4CI and MgSC>4) The solvent was 
evaporated m vacuo to yield 1 86 g (99%) of 18e as a colorless oil, Rf 0 59 (EtOAc/hexanes=l/l, v/v), 'H NMR (90 
MHz) δ 7 94-7 71 (m. 4H, C6H4), 4 87 (t, 1Н, J=7 8 Hz, α-H), 3 74 (s, 3H, COOCH3), 3 19 (t, 2H. J=7 0 Hz, ICH2X 
2 51-2 25 (m, 2H, 1СН2СЛ2СН2), 2 01-1 69 (m, 2H, ICH2CH2QÌ2) 
Alleviations of the Nfc-Teoc-Nfc-hvdroxvtrvptamine 8a with the glutamic acid derivatives 18 
Methyl (roc)-S-(N-[2-(lH-indol-3-yl)-ethyl]-N-(2-trimethylsilylethyloxycarhonyl)-aminooxy)-2-(tritylamino)-
pentanoate (20a) NaH (35 mg of a 80% oil dispersion, 1 18 mmol) was added in 2 portions to a stirred solution of 8a 
(340 mg, 1 07 mmol) in freshly distilled DME (20 ml) employing Пате dried glass equipment under an argon 
atmosphere The suspension was stirred until a clear solution appeared (10-30 mm ) (hydrogen gas evolved) This 
solution was added dropwise to a stirred solution of 18a (500 mg, 1 07 mmol) in freshly distilled DME (50 ml) at 0 С 
After additional stirring over night at room temperature EtOAc. (50 ml) was added and the reaction mixture was 
subsequently washed with water and sat NH4CI The organic layer was dried (MgS04) and the solvent was evaporated 
in vacuo The residue was subjected to column chromatography (ElOAc/hcxancs=I/2, v/v) to give 740 mg (67%) of 20a 
as an oil, Rf 0 28 (ElOAc/hexanes=l/2, v/v), CTMS(70eV), m/z (relative intensity) 243 ([CPh 3 ] + , 29), 144 
([C| 0 H|oN] + , 23), 130([C9HijNl+, 29), 73([Si(CH 3) 3]+, 100), 'H NMR (100 MHz) δ 8 02 (br s, IH, indole NH), 
7 71-6 96 (m, 20H, 3xC 6H 5, indole C(2)H and C(4)-C(7)H4), 4 18-3 66 (m, 611, H2CNOCH2 and Offl2CH2Si), 3 53-
3 29 (m, IH, α-H), 3 21-3 01 (m, 2H, indole C(3)CH2), 3 13 (s, 3H, COOCH3), 1 96-1 62 (m, 3H, NOCH2QÍ2fflH), 
1 33-1 18(m, lH,NOCH2CH2CHH). 1 00-076 (m, 2H, S1CH2), 000 (s, 9H, Si(CH3)3) 
Methyl-(rac)-S-{N-[2-(lH-indol-3-yl)-cthyl]-N-(2-trimethylsilylethyloxycarbonyl)-ainmooxy}-2-
(phthaloylamino)-pentanoate (20b) The same procedure followed as described for 20a using NaH (160 mg of a 80% 
oil dispersion, 5 3 mmol), 8a (1 7 g, 5 3 mmol) and 18e (2 04 g, 5 2 mmol) Work up and purification by column 
chromatography (EtOAc/hcxancs= 1/4, v/v) gave 1 9 g (62%) of 20b as an oil, Rf047 (ElOAc/hcxanes=l/l, v/v), R| 
0 50 (МеОН/СН2С12=1/9, v/v), EIMS(70eV), m/z (relative intensity) 579 ( |M|+, 6), 130 ( Ι ^ Η β Ν 1 + , 100), 73 
(|Si(CH3)3]+, 71), Ή NMR (90 MHz) 6 8 15 (br s, IH, indole NH), 7 92-7 56 (m, 5H, С(,Щ and indole C(7)H), 7 39-
7 00 (m, 4H, indole C(2)H and C(4)-C(6)H3), 4 90 (dd, IH, J=6 6 Hz and J=9 0 Hz, α Η), 4 17-3 98 (m, 2H, 
OQÌ2CH2S1), 3 96 3 69 (m, 4Н, CH2NOCH2), 3 73 (s, ЗН, COOCH3), 3 13-2 97 (m, 2Н, indole С(3)СН2), 2 53-2 27 
(m, 2Н, ОСН2СН 2Ш2). · 8 1 " ' 5 0 ( т · 2 Н · О С Н г Ш г 0 ^ ) . 0 96-0 77 (m, 2Н, SiCH2), 0 00 (s, 9H, Si(CH3)3 
together with 0 45 g (22%) recovered 18e 
Methyl-(roc )-2-amino-5-{N-[2-( 1 H-indol-3-yl)-ethyl]-N-(2-trimethylsilylethyloxycarbonyl)-aminooxy -
pentanoate (21) From 20a To 20a (0 33 g, 0 48 mmol) in 2,2,2-tnfluorocthanol/watcr (9/1, v/v, 10 mL) was added 
0 IN HCl in 2,2,2-tnfluoroethanol/waler (9/1, \/v) in 100 μ ι portions until the pH remained ta 3 5 After additional 
stirring for 1 h the reaction mixture was neutralized with sal NaHC0 3 and dichloromethane (50 mL) was added The 
organic layer was washed with brine and dried (MgSC«4) After evapoation of the volatiles m vacuo the residue was 
subjected to column chromatography (MeOH/CH2Cl2/Et3N=l/99/0 05, v/v/v) to yield 150 mg (70%) of 21 as a 
colorless oil, Rf 0 37 (MeOH/CH2Cl2=l/9, v/v), ІН NMR (90 MHz) δ 8 36 (br s, IH, indole NH), 7 67 7 56 (m, IH, 
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indole C(7)H), 7 38-6 99 (m, 4H, indole C(2)H and C(4)-C(6)H3), 4 16-3 97 (m, 2H, SiCH 2 ff l 2 ), 3 93-3 68 (m, 5H, 
H2CNOCH2 and α -Η), 3 70 (s, ЗН, СООСН3), 3 15-2 97 (m, 2Н, indole С(3)СН 2), 2 11-1 58 (m, 6Н, 
NOCH2ffl2CÜ2 a n d N H 2 ) . ° 9 6 "° 7 6 (m ' 2 H · SiCH2), 0 00 (s, 9H, Si(CH3)3) From 20b Hydrazine monohydrate 
(095 mL, 0 98 g, 19 5 mmol) and acetic acid (111 mL, 1 17 g, 19 5 mmol) were dissolved in methanol (10 mL) This 
solution was added in one portion to 20b (2 3 g, 3 9 mmol) dissolved m methanol (45 mL) The reaction mixture was 
stirred over night at 40°C The volatiles were evaporated m vacuo and the residue was subjected to column 
chromatography (MeOH/CH2Cl2/Et3N=I/99/0 05, v/v/v) affording 1 23 g (70%) of 21 as a colorless oil 
Methyl-(rac)-2-(iert-butyloxycarbonylamino)-5-{N-[2-(lH-indol-3-yl)-ethyl]-N-(2-trimethylsilylethyloxy-
carbonyO-aminooxy-pentanoate (22) To 21 (1 23 g, 2 74 mmol) in dichloromelhane (15 mL) was added di-fert-butyl 
dicarbonate (0 65 g, 2 98 mmol) and 5 drops of tnethylamine After 2 h the volatiles were evaporated in vacuo and the 
residue was subjected to column chromatography (EtOAc/hcxanes=l/3, v/v) to yield 1 38 g (92%) of 22 as a colorless 
oil, Rf 0 53 (EtOAc/hexanes=l/l, v/v), CIMS(70eV), m/z (relative intensity) 549 ([M]+, 5), 130 ([C9H8N]+ , 100), 73 
([C3H9Si]+, 73), 57([C4H9]+,42), Ή NMR (90 MHz) δ 8 14 (br s, IH, indole NH), 7 66-7 57 (m, IH, indole C(7)H), 
7 40-7 00 (m, 4H, indole C(2)H and C(4)-C(6)H3), 5 11 (br d, IH, J=8 2 Hz, HNBoc), 4 41-3 71 (m, 7H, H ^ N O C H ^ 
SiCH2QÍ2 a n d α-H), 3 71 (s, ЗН, COOCH3), 3 16-2 98 (m, 2Н, indole С(3)СН 2), 2 04-1 56 (m, 4Н, 
NOCH2ffl2ffl2). 1 44 («· 9Н, С(СН 3) 3), 0 93-0 76 (m, 2Н, SiCH2), 0 00 (s, 9Н, Si(CH3)3) 
Methyl-(rac)-2-(íert-butyloxycarbonyI)-amino-S-{N-[2-(lH-indol-3-yl)-ethyI]-aininooxy}-pentanoate (7) A 
suspension of 22 (1 38, 2 51 mmol), BU4NCI ( 2 1 g, 7 6 mmol) and Kl· 2H2O (950 mg, 10 1 mmol) in dry acelonitnle 
(50 mL) was stirred at 45°C for 10 h The solvent was evaporated in vacuo The residue was dissolved in EtOAc and 
subsequently washed with water and sat NH4CI The organic layer was dried (MgSO/p and the solvent was evaporated 
in vacuo The residue was subjected to column chromatography (fctOAc/hcxanes=l/l, v/v) to yield 0 96 g (95%) of 7as 
a colorless oil, R f 0 23 (EtOAc/hexanes=l/l, v/v), ClMS(70eV), m/z (relative intensity) 406 ([M+l]+ , 4), 144 
([CioH|0N]+, 37), 130 ([C9H8N]+ , 100), 57 ([C4H9]+ , 69), ІН NMR (90 MHz) δ 8 08 (br ¡>, IH, indole NH), 7 71 
7 53 (m, IH, indole C(7)H), 7 43-7 02 (m, 4H, indole C(2)H and C(4)-C(6)H3), 5 51 (very br s, ONH), 5 14 (br d, IH, 
J=8 0 Hz, HNBoc), 4 42-4 09 (m, IH, α-H), 3 76-3 64 (m, 2H, NOCH2), 3 73 (s, 3H, COOCH3), 3 33-3 Π (m, 2H, 
CH2NO),3 13-291 (m, 2H, indole C(3)CH2), 1 89-1 60(m, 4Н, NOCH2ffl2CH2). 1 47 (s, 9Н, С(СН 3) 3) 
PS lyclization to trans (roc)-l-r[(tert-Butvloxv)carbonvl1amino1-1.2.3.4.7.8.13.13b-octahYdro-fl.21-oxazepino-
r2'.3':1.21pvridor3.4-ft1indole (23) and cis (rjc)-l-rf(tert-Butvloxv)carbonvll-aminol-1.23.4.7.8.13.13b-octahvdro-
[1.2]-oxazepinol2'J':1.21pvridor3.4-ftlindole (24) followed by removal of the Boe group to give cis (rac)-l-Amino-
1.23.4.7.8.13.13b-œtahvdro-ri.21-oxazepino-f2'.3':1.21pvridor3.4-ftlindóle (6c) The cychzalion reaction was 
carried out employing flame dried glass equipment under an argon atmosphere To a cooled (-75°C) stirred solution of 7 
(820 mg, 2 02 mmol) in dry dichloromelhane (100 mL) was added DIBAL (5 0 mL of a IM solution in 
dichloromcthanc) over a period of 20 min After completion of the reaction (15 min ), as was indicated by TLC 
(ElOAc/hexanes=l/4, v/v), TFA (0 5 mL) was added The reaction mixture was allowed to warm to room temperature 
and then 10% citric acid (20 mL) was added The organic layer was washed with water and sat NaHC03/bnne=l/l, 
dried (Na2S04), filtered, and concentrated in vacuo The residue was subjected to column chromatography 
(FtOAc/hexanes=l/6, v/\) to give 510 mg (71%) of 23 as a white crystalline solid, Rf 0 29 (ElOAc/hexanes=l/4), 
mp=173-175°C (ЕЮAc/ether), ΙH NMR (400 ΜΗ/) (to sharpen up the broadened spectrum recorded at 57°C) δ 9 42 
(br d, IH, indole NH), 7 42 (d, IH, J=7 8 Hz, C(12)H), 7 33 (d, IH, J=8 0 Hz, C(9)H), 7 11 (t, IH, J=7 4 Hz, C(10)H), 
7 04 (l, IH, J=7 4 Hz C(11)H), 5 08 (br d, IH, J=9 2 Hz, BocNH), 4 23-4 17 (m, IH, C(l)Hcc), 3 97-3 91 (m, 3H, 
С(ПЬ)Нр and C(4)H2), 3 62 3 52 (m, IH. C(7)HB). 3 03-2 94 (Μ, 2H, C(7)Hct and C(8)Hß), 2 76-2 67 (m, IH, 
C(8)Hct).221-2 15 (m, IH, С(З)Н), 2 02-1 94 (m 1H,C(3)H), 1 83-1 73 (m, 2H, C(2)H2), 1 52(s, 9Н, С(СН3)3), 1 3 С 
NMR (100 MHz) (to sharpen up the broadened spectrum recorded at 57°C) δ 156 29 C=0, 136 65 C(12a), 133 09 
C(13a), 12665 C(8b), 121 47C(11) 11922 C(I0), 11807 C(9), 111 31 C(12), 107 77C(8a), 80 50CMe 3 ,72 18C(4), 
71 10 C(13b), 55 34 C(l), 53 91 C(7), 30 28 C(3), 28 49 (CH 3 ) 3 , 26 65 C(2). 20 52 C(8), Anal Caled for 
C 2 o H 2 7 N 3 0 3 C, 67 20, H, 7 61, N, II 76 Found C, 67 18, H, 7 39, N, II 58 together with 9 2 mg (1 3%) of 24 as a 
white solid, Rf 0 22 (EtOAc/hexanes=l/4), ІН NMR (400 MHz) δ Ή NMR (400 MHz) δ 8 38 (br s, IH. indole NH), 
7 44(d, IH, J=7 3Hz, C(12)H), 7 26 (d, IH, J=7 4 Hz, C(9)H), 7 10 (t, IH, J=7 2 Hz, C(10)H), 7 05 (l, IH, J=7 3Hz, 
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C(l 1)H), 4.97 (br d. IH, J=9.2 Hz, BocNH), 4.50 (br s, IH, C(l)Ha), 4.15-4.06 (m, 2H, C(13b)Ha and C(4)H), 3.75 
(very br s, IH, C(4)H), 3.52 (very br s, IH, C(7)Hß), 3.11-2.92 (br m, 2H, C(7)Hct and C(8)Hß), 2.81-2.78 (br m, IH, 
C(8)Ha), 2.11-1.98 (brm,3H,C(2)H and C(3)H2), 1.75 (brs, IH, C(2)H), 1 17 (s. 9H, С(СН3)э). Both 23 and 24 are 
near racematcs. 
6c: To a stirred solution of 24 (8.9 mg, 0.025 mmol) in dry acetonilrile (1 mL) was added Nal (11.2 mg, 0.075 
mmol) together with chlorotrimelhylsilane (1 mL of a 0.074M solution in acctonitnlc). After stirring for 2 h 
MeOH/EtjN (1/1, v/v, 0.5 mL) was added to quench the formed HI and the volatiles were evaporated in vacuo. The 
residue was subjected to column chromatography (MeOH/CH2G2/Et3N=3/97/0.05, v/v/v) to yield 19 mg of 
contaminated 6c. NMR analysis showed a mixture of E13NHI and 6c which could not be separated by extraction 
(CH2Cl2/water) or straight phase (SÌ60H) chromatography (in future attempts quenching of Hi should be performed 
with sat. NaHCOj). The salt was removed by preparative reversed phase column chromatography (RP-8, 
water/methanol=7/3, v/v), followed by another S16OH column (МсОН/СН2СІ2/ЕізЫ=2/98/0.05, v/v/v) to yield 4,1 mg 
(64%) of 6c as a white solid which was still contaminated with impurities which were dominantly present in the NMR 
spectrum in the 6 0.99-3 ppm region; Rf 0.24 (MeOH/CH2CI2=l/9, v/v); a " =-2.9 (c=2 05, МеОН/СН2СІ2=І/1, v/v); 
CIMS(70eV), m/z (relative intensity) 258 ([M+l]+, 100), 241 ([M-NH2]+, 8), 171 (29), 144 ( [ C i 0 H 1 0 N ] + , 9), 130 
([CgHgN]-1-, 5); 1H NMR (400MHz) δ Ö9.07(brd, IH, indole ΝΗ), 7.46 (d, IH, J=7.1 Hz, C(I2)H), 7 44 (d. 1H,J=8 2 
Hz, C(9)H), 7.17 (t, IH, J=7.3 Hz, C(10)H), 7.11 (t. IH, J=7.3 Hz, C(l 1)H), 3.99 (br s, IH, С(ІЭЬ)На). 3.86-3 80 (br 
m, IH, C(l)Ha), 3.73-3.59 (m, 2H, C(4)H2), 3.38 (br d, IH, J=6.6 H?, C(7)Hß), 2.93 (dt, IH, J=3.5Hz and J=8.8 Hz, 
С(7)На), 2.80 (br t, IH, J=13.4 Hz, C(8)Hß), 2 74 (br dt, IH, J=2.3 Hz and J=12.6 Hz, C(8)Hct), l 94 (s, IH), 1.76-
1.60 (m, 3H) 
(5)-5-bromo-l,2-pentanediol (28): Asymmetric approach To a well stirred solution of rert-butyl alcohol (100 mL) 
and water (100 mL) was added potassium osmate (VI) dihydrate (14,5 mg, 0.039 mmol), hydroquinidine 1,4-
phtalazinediyl dicthcr (150 mg, 0.19 mmol), potassium carbonate (8.2 g, 59 mmol) and potassium femcyanidc (19 3 g, 
59 mmol). After a clear two-layer system appeared, the solution was cooled to 0°C. To this well stirred cold 2-phase 
system was added 5-bromo-l-penlene 27 (2.4 mL, 3.0 g, 20 mmol) in one portion. After stirring in the refrigerator at 
4°C over night sodium sulfite (30.0 g, 24 mmol) was added to the bright yellow suspension, and the reaction mixture 
was allowed to warm up to room temperature After stirring for an additional hour HtOAc (200 mL) and brine (25 mL) 
were added to the, now almost colorless, reaction mixture. The organic phase was separated and the water phase was 
subsequently extracted with 3 portions EtOAc. The combined organic phases were washed with brine and dried 
(MgSÛ4). After removal of the solvent in vacuo 3.43 g (94%) crude 28 was obtained as a yellowish oil To determine 
the e.e. (vide infra) a small part of the reaction mixture was further purified by column chromatography 
(МеОН/СН2СІ2=Э/97, v/v) to obtain pure 28 as a colorless oil; Rf 0.26 (МеОН/СН2СІ2=7/93, v/v); ab2=-10.7 
(c=3.92, MeOH, e e =65%); Ή-NMR (90 MHz) δ 3.87-3.32 (m, 5Η, ОСН2СН and BrCH2), 3.24 (br s, 2H, 
exchangeable, 2хОН), 2.20-1.44 (m, 4Н, ВГСН2Ш2Ш2); EIMS(70eV), m/z (relative intensity) 153 ([M-CH301 + 
17), 151 ([М-СНз01+, 17), 71 (84), 43 ([СгНзО]"1", 100) Symmetric approach (to obtain both enantiomers to facilitât« 
the e.e. determination): To a stirred solution of 5-bromo-1-pentene 27 (0 25 mL. 0.32 g, 2.1 mmol) and 4-
methylmorpholine /V-oxide (0.42 g, 3.55 mmol) in THF/H2O (2/1, v/v, 10 mL) was added osmium letroxide (2 6 mL of 
a 2 5% solution in jfrr-butyl alcohol). After stirring for 12 h. sodium sulfite (0.4 g, 3.2 mmol) was added and the 
reaction mixture was filtered over hyflo. After evaporation of the volatiles in vacuo the residue was subjected to column 
chromatography (МсОН/СН2СІ2=3/97, v/v) to yield 35 mg (9%) of racemic 28. Determination of the enantiomeric 
puntv Both optically active and racemic 28 were converted into their di-(Ä)-MTPA esters following the procedure 
described by Moshcr and coworkers.15 Determination of the e.e. by Ή-NMR (400 MHz) gave an e.e of 64%, 
calculated from the double doublets at 4 56 ppm (Ä-enantiomer) and 4 28 ppm (5-enatiomcr). '^F-NMR (376 MHz, 
325°K) gave an e.e. of 66%, calculated from the singlets at 8.50/8.28 ppm (fl-enantiomer) and 8.36/8 31 ppm (S-
enantiomer). 
29: To a stirred solution of 28 (2.84 g, 15.5 mmol) in DMF (25 mL) was added imidazole (1 6 g, 23 mmol) and tert-
butyldimethylsilyl chloride (2 34 g, 15 5 mmol). After standing of the reaction mixture over night tert-
butylchlorodiphenylsilane (4.27 g, 15.5 mmol) together with another portion imidazole (1.6 g, 23 mmol) were added 
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After additional stirring over night the volatiles were evaporated at high vacuum The residue was dissolved in ElOAc 
(SO mL) and subsequently washed with 2 portions 10% citric acid, sal. NaHC03 and bnne. After drying (MgSO,t) the 
solvent was evaporated ш vacuo and the residue was subjected to column chromatography (EtOAc/hexanes=l/8, v/v) 
affording 5.0 g (64%) of 29 as a colorless oil. Rf 0.69 (EtOAc/hexanes=l/4, v/v); >H NMR (90 MHz) δ 7.87-7.71 (m, 
4H, 2xPhH2), 7 55-7 43 (m, 6H, 2xPhH3). 4.10-3 35 (m, 5H, OCH2CH and BrCH2), 2 18-1.64 (m, 4H, 
ВіСНгСНгШг)· ' · 1 8 <s· 9 Η - С(СН3)3). 093 (s, ЗН,С(СН3)з). 0.04 (s, ЗН. SiCH3), 0.00 (s, ЗН, S1CH3) 
(S)-5-bromo-2-tert-buryldimethylsilyloxy-pentane-l-ol (30): То 29 (5 0 g, 9.8 mmol) in dry ethanol (25 mL) was 
added PPTS (0.82 g, 3.3 mmol) After standing of the reaction mixture over night no conversion of the starting material 
was detected by TLC Subsequent healing of the reaction mixture over night at 40°C gave complete consumption of the 
starting material The volatiles were evaporated in vacuo and the residue was subjected to column chromatography 
(EtOAc/hcxanes=l/4, v/v) to give 2.19 g (53%) of 30 as a colorless oil; Rf 0 31 (ElOAc/hcxanes=l/4, v/v); Rf 0.45 
(EtOAc/hexanes=l/2, v/v), a ^ + 5 . 9 (c=2 56, acetone); ІН NMR (90 MH¿) δ 7.69-7.47 (m, 4H, 2xPhH2), 7 43-7 22 
(m. 6Н, 2xPhH3), 3.82-3.62 (m, IH, НОСН2СД), 3.42-3.05 ( m, 4Н, ВгСН2 and НОСД2), 1.75-1 43 (m, 4Н, 
BrCH2CÜ2ffl2)· ° 9 6 (s· 9 Η · C(CH3)3); CIMS(70cV), m/z (relative intensity) 391 ([М-СН30]+, 0.07). 389 ([М-
СН3О]+,006), 199(100) 
(S)-5-bromo-2-tert-butyldiphenylsilyIoxy-pentanal diethyl acetal (26): Oxalyl chloride (0 29 mL, 0.42 g, 3 31 
mmol) was dissolved in dichloromethane (25 mL) employing flame dried glass equipment under an argon atmosphere 
After cooling to -75°C, dry dimethyl sulfoxide (0.47 mL, 0.51 g, 6.54 mmol) was added over a 5 min period and the 
reaction mixture was stirred for 5 mm. at that temperature. Subsequently 30 (0 92 g, 2 2 mmol), dissolved in dry 
dichloromethane (5 mL), was added and after additional stirring for 10 min., tnethylamine (1.5 mL, 1 1 g, 10.9 mmol) 
was added and the reaction mixture was allowed to warm to room temperature. The reaction mixture was washed with 
10% citric acid, sat. NaHC03 and bnne After drying (Na2SC>4) the volatiles were evaporated in vacuo to yield the 
crude aldehyde; Rf 0 5Я (EtOAc/hexanes=l/2, v/v); Rf 0 50 (EtOAc/hexanes=l/6, v/v), ІН NMR (90 MHz) δ 9.59 (d, 
)H, J=1.3 Hz, HCO), 7 72-7 32 (m, Ι0Η, 2xC6Hi), 4 11-4.02 (m, IH, CH), 3.56-3 23 (m, 2H, BrCH2), 1 87-1 76 (m, 
4H, CH2CH2), 1.11 (s, 9H, C(CH3)3) The aldehyde was dissolved in dry ethanol (25 ml-), and tnelhyl orthoformale (2 
mL) and TsOH»H20 (±5 mg) were added. After standing for 3 h sat. NaHC03 (10 mL) was added and the volatiles 
were evaporated in vacuo. The residue was dissolved in ElOAc (50 mL) and washed with water and brine and then 
dried (MgSO<i). After evaporation of the solvent in vacuo the residue was subjected to column chromatography 
(EtOAc/hcxanes=l/8, v/v) to yield I 02 g (94%) 01 26 as a colorless oil; Rf 0 63 (EtOAc/hexanes=l/6, v/v), a^2=-5 40 
(c=2.24, MeOH), lHNMR(90MHz) 67 78-7 66 (m, 4H, 2xPhH2). 7.42-7.30 (m, 6H, 2xPhH3), 4.24 (d, lH,J=4.8Hz. 
CH(EtO)2), 3 84-3.03 (m, 7H, BrCH2, £HCH(OEt)2 and 2xO£H.2CH3), 2.05-1 50 (m, 4H, B^H2QiiQil), 1 19 and 
0 95 (2xt, 6H, J=7.1 Hz, 2хОСН2£Ц2), 1.06 (s, 9H. C(CH3)3), CIMS(70eV), m/z (relative intensity) 449 ([М-СН30]+, 
0.8),447([M-CH3O]+,0.7), 161 (71). 103 ((НС(ОС2Н5)2]+, 100) 
Alkvlalion of Nfc-Teoc-Nfc-rivdroxvtrvptamine 8a with 26 followed bv the PS cvclization 
(S)-2-(rert-butyldiphenylsîlyl)oxy-5-{N-[2-(lH-indol-3-yl)-ethyl]-N-(2-allyloxycarbonylaminooxy)-pentanal 
diethyl acetal (31) The same procedure was followed as described for 20a. NaH ( 120 mg of a 80% oil dispersion, 4.0 
mmol), 26 (2,0 g, 4 0 mmol), Nal (100 mg, 0.7 mmol) and 8b (1 0 g, 3.8 mmol) were stirred for 3 days at 50°C and 
gave after work-up and purification by column chromatography (EtOAc/hexanes=3/7, v/v) 1.28 g (50%) of 31 as an oil, 
Rr0.38 (EtOAc/hexanes=l/2, v/v), ІН NMR (90 MHz) δ 8 07 (br s, IH, indole-NH), 7 80-7.58 (m, 5H, indole-C(7)H 
and2xPhH2), 7.39-6 99 (m, 10H, 2xPhH3 and indole C(2)H and C(4)-C(6)H3), 6.04-5.62 (m, IH, H2C= ÇH-CH2), 
5.34-5 10 (m, 2H, Ы2С=СН-СН2), 4 49 (dl, 2Н, J=l 2 Hz and J=5.6 Hz, H2C=CH-CÜ2). 4.23 (d, IH, J=4 6 Hz, 
HC(OEt)2), 3 86-2.97 (m, 11H, indole-C(3)-CH2CH2NOCH2-, ШСН(ОЕі)2 and 2xOÇH.2CH3), 1 89-1.53 (m, 4H, 
OCH2CÜ2CH2CH-), 1 17 and 0.94 (2x1. 6H, J=7.2 Hz. 2xOCH2ffl2), 106 (s. 911. C(CH3)3), CIMS(70eV), m/z 
(relative intensity) 569 ([M-HC(OC2H5)2]+, 0.2), 144 (|Ci0H|0N]+ , 3), 130 ([C9HgNl+, 5), 103 ((HC(OC2H5)2)+, 4), 
91 (fC7H7N|+, 14). 41 (|С3Н5І+, 100) together with I 18 g (59%) recovered 26. 
(S)-2-(ffrt-butyldiphenylsilyl)oxy-5-(N-(2-(lH-indol-3-yl)-ethyl-aminooxy]-penUnal diethyl acetal (25): To a 
mixture of acctonilrilc/watcr (4/1, v/v, 25 mL) under an argon atmosphere was added 31 (1 28 g, 1.90 mmol), 
triefhylammonium formate (10 g), palladium(U)acclate (7 mg, 0.03 mmol) and tnphenylphosphine (23 mg, 0.09 mmol) 
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The reaction mixture was heated at reflux for 45 min and then poured into EtOAc (100 raL) The organic layer was 
extracted with sat NaHC03 , water and brine After drying (brine and MgSÛ4) the solvents were evaporated in vacuo 
and the residue was subjected to column chromatography (btOAc/hexanes=l/2, v/v) to give 980 mg (88%) of 25 as a 
colorless oil, R f 0 26 (EtOAc/hexancs=l/2, v/v), ІН NMR (90 MHz) δ 8 07 (br s, IH, indole-NH), 7 80-7 57 (m, 5H, 
mdole-C(7)H and 2xPhH2), 7 38-7 00 (m, 10H, 2xPhH3 and indole C(2)H and C(4)-C(6)H3 ), 5 45 (very br s, ONH), 
4 24 (d, IH, J=4 8 Hz, HC(OEt)2), 3 81 2 91 (m, MH, indole-C(3)-CH2CH2NOCH2-, fflCH(OEt)2 and 
2xOffi2CH3), 1 84-1 46 (m, 4H, ОСНгШгШгСН-), 1 25 and 0,94 (2xt, 6H, J=7 2 Hz, 2хОСН2ОІЗ.), 1 05 (s, 9H 
С(СН3)з) 
(lS,13b/()-l-hydroxy-l,2,3,4,7l8,13,13b-octahydro-[l,2]-oxa7epino-[2,,3':l,2]pyrido[3,4-'>]indole (5) and 
(lS,13b5)-l-hydroxy-l,2,3,4,7,8,13,13b-octahydro-[l,2]-oxazepino-[2^':l,2]pyrido[3,4-*]indole(32) 25 (1 2 g. 
2 04 mmol) was dissolved in a mixture of formic acid/water (9/1, v/v, 100 mL) After standing at room temperature for 
10 mm all starting material had been consumed The volatiles were evaporated at high vacuum and the residue was 
dissolved in EtOAc (50 mL) and subsequently washed with sat NaHC0 3, water and brine After drying (MgSC>4) and 
¡jvaporation of the solvent in vacuo the residue was dissolved in dry THF (15 mL) and letrabutyl ammonium fluoride 
(2 5 mL of a IM solution in THF) was added After completion of the reaction (30 mm ) the solvent was evaporated in 
vacuo The product ratio was determined at this stage by analytical HPLC (acetonitnle/water=3/7, v/v, flow=l mL/min , 
λ=280 nm), retention time (min ), 32 (4 5) and 5 (5 6) ratio 32/5=18/82 The residue was subjected to column 
:hromatography (btOAc/hexanes=l/2, v/v) to give 413 mg (78%) of 5 as a white solid, Rf 0 39 (EtOAc/hexanes=l/l, 
v/v), 0 22 (EtOAc/hexanes=l/2, v/v), a^2=-23 2 (c=3 40, EtOAc), CIMS(70eV), exact mass caled for Ci5H 1 8 N 2 02 
m/z , 258 1368 ([M]+) Found 258 1467, (relative intensity) 258 ([M]+, 100), 241 ([M-OHJ+, 12), 169 (78), 144 
([CioHirjN]+, 42), 130 ([C9HgN]+, 7), ] H NMR (400 MHz) (all assignments are based on NOESY) δ 9 00 (br s, IH, 
indole NH), 7 47 (d, IH, J=7 7 Hz, C(12)H), 7 32 (d, IH, J=8 0 Hz, C(9)H), 7 14 (t, IH, J=7 4 Hz, C(10)H), 7 07 (I, IH, 
1=7 4 Hz, C(ll)H), 4 12-4 08 (m, IH, C(l)Hß), 3 78-3 71 (br m, 3H, C(13b)Ha and C(4)H2), 3 05-2 92 (m, 2H, 
C(7)Hct and C(8)Ha), 2 78 (br d, IH, J=13 4 Hz, C(8)Hß), 2 05-1 95 (m, 2H, C(3)H2), 1 80-1 73 (m, 2Н, С(2)Н2), 
Anal Caled for С ι 5 Η ι β Ν 2 0 2 С, 69 75, Η, 7 02 Ν, 10 84 Found С, 69 59, Η, 6 95, Ν, 10 57 together with 110 mg 
(21%) of 32 as a white solid, Rf 0 30 (EtOAc/hcxanes=l/l, v/v), a " =+62 3 (c=3 10, EtOAc), CIMS(70eV), exact 
mass caled for C ^ H ^ N ^ m/z , 258 1368 ([M]+) Found 258 1467, (relative intensity) 258 ([M]+, 85), 241 ([M-
0H]+, 12), 227 (41), 169 (84), 149 (100), 144 ( [СіоН ) с № + , 51), 130 ( [ C 9 H 8 N ] + , 8) Ή NMR (400 ΜΗ/) (all 
assignments are based on NOESY) δ 7 91 (brs, IH, indole NH), 7 46 (d, IH, J=7 7 Hz, C(12)H), 7 29 (d, IH, J=8 0 Hz 
C(9)H), 7 15 (t, IH, J=7 4Hz, C(10)H), 7 09 (t, IH, J=7 4 Hz, C(l 1)H), 4 31 (brs, IH, C(l)Hß), 4 13-4 08 (m, 2H, 
C(13b)Hß and C(4)Hct), 3 75 (dt, IH, J=10 6 Hz and J=7 6 Hz, C(4)Hß), 3 56-3 54 (m, IH, C(7)Ha), 3 08-3 01 (m, IH, 
C(7)Hß), 2 99-2 91 (m, IH, C(8)Hß), 2 78 (br d, IH, J=15 2 Hz, C(8)Ha), 2 32-2 24 (m, IH, C(3)Hct), 2 17-2 09 (m, 
IH, C(2)Hc£), 2 04-1 95 (m, 2H, C(2)Hß and OH), 1 69-1 62 (m, IH, C(3)Hß) 
Introduction of the amino group via the Mitsunobu reaction 
35a The same procedure was used as described for 42 using 5 (195 mg, 0 76 mmol), hydrazoic acid (0 7 mL of 1 6 
m solution in benzene27), triphenylphosphine (300 mg, 1 15 mmol) and dusopropyl azodicarboxylate (0 23 mL, 230 
mg, 1 14 mmol) Work-up and purification by column chromatography (EtOAc/hexancs=l/4, v/v) afforded 174 mg 
(81%) of 35a as a white solid, Rf 0 52 (EtOAc/hexanes=l/2, v/v), IR (KBr pellet) ν (cm ') 2105 (N3), Ή NMR (90 
MHz) δ 8 33 (br d, 1 H, indole-NH), 7 53-7 00 (m, 4H, C(8)-C( 11 )H4), 5 07 (br d, 1 H, J=9 4 Hz, C( 13)H), 3 68-2 68 (m, 
5H, NCH2CH2 and C(13a)H), 2 36-1 43 (m, 4H, fflaffll^O) 
35Ь То 35a (90 mg, 0 32 mmol) in methanol (25 mL) was added 10% Pd(C) (500 mg) and the resulting suspension 
was stirred in a hydrogen atmosphere for 30 min The Pd(C) catalyst was removed by filtration over hyflo and the 
volatiles were evaporated in vacuo The residue was subjected to column chromatography (MeOH/CHCl^/E^N 
=5/94 75/0 25, v/v/v) to yield 40 mg (49%) of 35b as a white solid, Rf 0 24 (МсОН/СНС1з=7/93, v/v) a2
u
2
 =+1 6 
(c=4 95,MeOH)„CIMS(70eV), exact mass caled for С15H19N3O m/z ,257 1528 ([M]+) Found 257 1528, (relative 
intensity) 257 ([M]+, 21), 241 ([M-NH 2]+, 10), 169 (70), 158 ( [Ci 0 HioN 2 l + , 100), 144 ( [ C 1 0 H 1 0 N ] + , 13), 110 
([C9HsN]+, 23), Ή NMR (400 MHz) δ 8 91 (br s, IH, indole-NH), 7 47 (d, IH, J=7 7 Hz, C(l 1)H), 7 31 (d, IH, J=7 8 
Hz, C(8)H), 7 12 (t, IH, J=7 4 Hz, C(9)H), 7 07 (t, IH, J=7 3 Hz, C(10)H), 4 09 (br s, IH, C(13)H), 4 00-3 97 (m, 2H, 
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NOCH2), 3 54-3 41 (m, 2H, C(6)HH and С(7ЩН), 3 04-2 86 (m, ЗН, C(6)HH. С(7)НЫ and С(ІЗа)Н), 2 07-2 04 (m, 
ІН.СНгСЫШ, 1 77-1 66(m, 5H,NH2andCH2CHH), 13c NMR (100 MHz) 6 138 13C(lla), 133 66C(12a), 128 33 
C(8b), 121 12C(10), 119 06C(9), 117 85 C(8), 11145C(7a), 110 66C(11), 69 62C(3), 68 56 C(13). 57 72C(6), 49 45 
C(13a), 27 18 C(2), 24 42C(1), 19 52 C(7), Anal Caled for C20H27N3O3M/4H2O C. 68 81, H, 7 51, N, 16 05 
Found С, 68 96, H, 7 50, Ν, 14 37 
35c To 35b (18 mg, 0 07 mmol) dissolved in dichloromethane (1 mL) was added 4-nitrobenzoyl chloride (19 mg, 
0 10 mmol) and tnethylamine (19 μ ι , 14 mg, 0 14 mmol) After stirring of the reaction mixture for 2 h the volatiles 
were evaporated in vacuo and the residue was subjected to column chromatography (EtOAc/hexanes=l/2, v/v) to give 
18 mg (63%) of 35c as yellow crystals (mp=252°C, decomp , СН2СІ2/ЕЮН by very slow evaporation of CH2CI2), Rf 
0 30 (btOAc/hexanes=l/l, v/v), bIMS(70eV), m/z (relative intensity) 406 ([M]+, 19), 195 (74), 28 (100), ІН NMR 
(400 MHz) 5 8 39 (br s, IH, indole-NH), 8 28 (d, 2H, J=8 7 Hz, 0 2 NPhH 2 ) , 7 94 (d, 2H, J=8 7 Hz, 0 2 NPhH 2 ) , 7 50 (d, 
IH, J=7 8 Hz, C(l 1)H), 7 31 (d, IH, J=8 0 Hz, C(8)H), 7 29 (br d, IH, NH), 7 18 (t, IH, J=7 3 Hz, C(9)H), 7 12 (t, 
J=7 4 Hz, C(10)H), 5 38 (dd, IH, J=8 0 Hz and J=5 5 H/, C(13)H), 4 15 (dt, IH, J= 11 Hz, NOCHH), 3 85-3 78 (m, 2H, 
C(13a)H and C(6)HH), 3 71 (dt, IH, J=l 1 3 Hz and J=2 1 Hz, NOCHH), 3 44 (ddd, IH, J=12 2 Hz, J=6 7 Hz and J=2 5 
Hz, С(6)НШ. 3 15 (ddd, IH, J=15 9 Hz, J=6 6 Hz and 1=2 2 Hz, C(7)HH), 2 96 (ddd, IH, J=16 1 Hz, J=10 3 Hz and 
J=2 4 Hz, C(7)HH), 1 92-1 78 (m, 3H, СЩСНН), 1 65-1 58 (m, IH, CH2CHH) 
42 To 5 (100 mg, 0 39 mmol), diallyl ìminodicarbonate (110 mg, 0 59 mmol), and triphenylphosphine (200 mg, 
0 76 mmol) in dry THF (0 5 mL) was added dnsopropyl a/odicarboxylate (0 115 mL, 120 mg, 0 59 mmol) gradually 
over a period of 5 min causing a slight exothermic reaction After stirring for 1 5 h the volatiles were evaporated in 
vacuo and the residue was subjected to column chromatography (EtOAc/hexancs=l/4, v/v) to yield 70 mg (42%) of 42 
as a colorless oil, Rf 0 31 (LtOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 426 ([M+l]+ , 100), ІН 
NMR (400 MHz, to sharpen up the severely broadened spectrum recorded at 58°C) δ 7 84-7 79 (m, IH, C(l 1)H), 7 47-
7 42 (m, IH, C(8)H), 7 24-7 19 (m, 2Н, С(9)Н and C(IO)H), 6 07 (br s, IH, C(12b)H), 5 32 (hcptet, IH, J=6 1 Hz, 
OCH(Me)2). 5 02 (heptet, IH, J=6 2 Hz, OCH(Me)2), 4 01-3 92 (m, 2H, OCH2), 3 59 (ddd, IH, J=12 9 Hz, J=4 9 Hz 
and J=l 6 Hz, C(6)HH), 3 18 (l, IH, J= 13 7 Hz, C(7)HH), 2 87-2 82 (brm, IH, C(12c)H), 2 73 (dd, IH, J=15 6 Hz and 
J=4 2 Hz, C(7)HH), 2 58 (t, IH, J=12 1 Hz, C(6)HH), 2 01 (br s, 1H,C(2)HH), 1 94-1 82 (m, 2H, C(1)H2), 1 59 (d, 3H, 
J=6 1 Hz, CH3), 1 46 (d, 3H, J=6 3 Hz, CH3), 1 51-1 44 (m, IH, C(2)HH), 1 36 (d, ЗН, J=6 2 Hz, CH3), 1 32 (d, 3H, 
J=6 2 Hz, CH3), 13c NMR (100 MHz) δ 154 54 C(13), 147 84 C(16), 135 77 C(l la), 133 41 C(12a), 129 10 C(7b), 
123 24C(9), 122 73 C(10), 118 35 C(8), 115 39C(7a), 115 18C(11), 72 74C(14), 70 22 C(3), 69 84C(16), 64 61 
C(12b), 57 46 C(6), 50 11 C(12c), 25 59 C(2), 23 35 C(l), 22 27 CH3, 22 14СНз, 22 00 CH 3 , 21 45 CH3, 19 88 C(7) 
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Attempted Synthesis of a Tetracyclic 
Eudistomin Desoxa Carba Analog 
5.1 Introduction 
The justification for the synthesis of the tetracyclic eudistomin carba-analog lacking the oxygen 
atom was given in the introductory section of chapter 4, where the synthesis of a desthia carba 
eudistomin analog is described This chapter deals with the (attempted) synthesis of a desoxa carba 
analog 
The intramolecular Pictet-Spengler (PS) condensation strategy was chosen for closure of the 7-








The PS cyclizations are planned with secondary amides, giving the highly reactive intermediate 
N-acyl îminium ions 2 Besides the Boc protective group also the more acid stable Cbz group was 
used as the amine protective group Because formation of N-acyliminium ions proceeds more 
slowly than formation of N-alkoxyiminium ions racemization is likely to occur It is known that 
cystemal derivatives racemize extremely fast and it may be expected that the optical activity will be 
completely lost3 Therefore, for the build-up of the cysteine fragment, which has the D-
configuration in natural eudistomin, inexpensive L-cystine was used 
As it was expected that the undesired C(13b)H-C(l)H trans diastereomer would be formed in 
excess in the intramolecular PS condensation we studied the approach from a-alkoxy aldehydes at 
the same time S„2 type introduction of the amino functionality in the thus obtained trans 1-hydroxy 
eudistomin analog would give then the desired cis eudistomin derivative This approach failed for 
the syntheses of the natural eudistomins as well as for the desthia-carba eudistomins because of 
transannular neighboring group participation from the sulfur or Nb nitrogen atoms, respectively 
(chapters 3 and 4) In the case of the desoxa carba analog neighboring group participation from the 
Nb nitrogen atom in 4a is impossible due to the low nucleophilicity of the amide nitrogen 
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Participation from the sulfur atom also may be less likely to occur because of the increased rigidity 










In addition to the approach via a highly reactive N-acyliminium ion from 5a also cychzation via 
the dialkyl iminium ion from 5b has been investigated, with the primary aim to study the synthetic 
scope of the intramolecular PS condensation (scheme 5 2) 
5.2 Direct Approach Based on L-Cystine 
5.2.1 Build up of the Cystine Derived Fragment and its Coupling with 
Tryptamine 
As shown in scheme S 1 the PS cychzation requires a free aldehyde as essential substrate 
Access to such aldehydes by DIBAL reduction of the corresponding ester is not conceivable in this 
case because of the presence of the amido function in 3 Hydrolysis of an acctal is not feasible 
either because α-amino acetáis only sluggishly undergo such a reaction (see chapter 2) Therefore 
the oxidative approach from ß-amino alcohols was chosen 
For the synthesis of N-Boc protected Cystinol derivative 9 (see scheme 5 3) the strategy 
developed by Ottenheijm and coworkers was followed starting from L-cystine Boc-cystine 
mcthylester 7a and Cbz-cystine methylester 7b were prepared according to literature procedures 
Reduction of 7a with lithium borohydnde followed by protection of the primary alcohols as their 
ferr-butyldiphenylsilyl ethers gave 9 in 99% yield Cleavage of the disulfide bond in 7b and 9 was 
accomplished by treatment with erythro-1,4 dimercapto-2,3-pentanediol (dilhiothreitol) and 
tnethylamine Thiol 10 was isolated in 99% yield and was used in the next reaction without further 
purification It is interesting to note that the reduction of the disulfide in Cystinol derivative 9 was 
approx 200x slower than the reduction of cystine derivative 7b ( viz 3 weeks compared to 2 hours) 
92 






OtBDPS ) r 
I 
HS ^ Y ^ 4 OtBDPS 
HNBoc 
HS' γ OMe 
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ι; иВЩ, МеОН, Et2Û, и) iBDPS-Cl imidazole DMF m) erythro 1,4 dimercapto-2,3 pentanediol EtjN, £Γ20 
The thiols 8,10 were then alkylated with allyl bromoacetate 11 using l,8-diazabicyclo[5 4 0]-
undec-7-ene (DBU) as the base to give the thioethers 12a,b from which the carboxylic acids were 
liberated by treatment with Pd(PPh3)4/morphohne to give 13a,b in overall yields of 72% (from the 
corresponding diol of 7a) and 69% (from 7b), respectively 
scheme 5.4 
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12a R^Boc.R^HjOtBDPS 13a 
12b R'=Cbz, R2=C02Me 13b 
Both acids 13a,b were coupled with tryptamine 14 by activation with 1,3-dicyclohexylcarbo-
dnmide to give the amides 15a (after subsequent removal of the tBDPS protective group with 









R ^ N ^ 4 - ^ 3 
15a R'=Boc, R2=CH2OH 
ι— 16 R'=Cbz,R2=C02Me 
I— 15b· R'=Cbz, R2=CH2OH 
The primary ß-amino alcohol 15b was obtained after selective reduction of the methyl ester in 
16 by treatment with lithium borohydnde in 78% yield Oxidation of the alcohols in 15a,b to the 
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corresponding aldehydes using pyndmium chlorochromate or a Swern procedure failed 3 The 
method of choice for this oxidation was a slightly modified procedure as described for the oxidative 
approach to carbamate protected α-amino aldehydes 6 This procedure is also based on activated 
DMSO, by an electrophihc pyndine-sulfur tnoxide complex, followed by a reaction sequence 
analogous to the Swem oxidation. Following this procedure combined with cooling of the reaction 
mixture to 0°C the aldehydes 3a,b were obtained in 56% and 64% yield, respectively (scheme 5 6) 
NMR spectroscopy of the crude reaction mixture of 3a clearly showed the presence of the aldehyde 
After purification of the aldehydes by column chromatography (МеОН/СН2СІ2=3/97, v/v) NMR 
spectroscopy revealed almost complete disappearance of the aldehyde The methanol used in the 
eluent had reacted with the aldehyde to give the methyl hemiacetal (scheme 5.6) 
Scheme 5.6 
O ^ V OMSO С Ц / Х ° , 5 N vv' 
H СНгОН) /=v H HCO ) .. _ „ HHO OMe\ 
XZ.S W*"* A s' MeOH YH / RHN" ^ - - 0 RHtvT X - " J Q U M ^ ^ S ^ S 
QOQ RHN 
15a. R=Boc 3a3b 3a'Jb' 
15b R=Cbz 
The presence of a second chiral center in the hemiacetal was detectable in the NMR spectrum, 
The BocNH proton was now present as a double doublet (δ=5 07 and 4 92 ppm, J=9 4 Hz) in 
combination with the presence of two singlets (δ=3 37 and 3 36 ppm) from the methoxy protons in 
both diastereomers. Similar observations were made for aldehyde 3b After standing for 6 hours in 
CDCI3 containing 4À molsieves the aldehydes 3a,b could be regenerated completely NMR 
analysis showed that in deutenochloroform both hemiacetals 3a',b' were in equilibrium with the 
corresponding aldehydes 3a,b in a 95/5 ratio 
The aldehydes were isolated as racemates as was expected from literature data {vide supra) 3 
5.2.2 Pictet-Spengler Condensation 
The initial cyclization experiments were carried out with the Boc protected α-amino aldehyde 
derivative 3a By application of the standard cyclization conditions, viz dichloromethane/tnfluoro-
acetic acid, formic acid or heating in acetic acid, TLC indicated only slow moving products which 
may indicate the presence of a primary amine group resulting from removal of the Boc group 
Substitution of the Boc group in 3a by the more acid stable Cbz group in 3b did not lead to cyclized 
products Application of the above mentioned conditions indeed showed the higher stability of the 
Cbz group toward acid treatment, but further activation by heating under PS conditions only led to 
decomposition of the starting material It was also thought that the presence of the aldehydes as 
their methyl hemiacetals contributed to the low reactivity Transformation, however, of the 
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hemiacetal into the aldehyde by treatment with 4À molecular sieves prior to the addition of 
trifluoroacetic acid (2-5 eq ) or acetic acid/acetic anhydride (95/5, v/v, as solvent) did not alter the 
outcome of the reaction The reason for this failure is most probably the difficult formation of the 
highly unfavored intermediate 7-membered cyclic acylimmium ion 2 (in combination with other 
factors, vide infra) A similar cychzation of I, in which a 6-membered cyclic lminium ion 
intermediate II is formed, has been described and proceeded smoothly in high yields (scheme 5 7) 








5.3 Approach via the Trans 1-Hydroxy Eudistomin Analog 
5.3.1 Synthesis of the a-Alkoxy Aldehyde Fragment and its Coupling with 
Tryptamine 
According to the retrosynthetic sequence shown in scheme 5 2 the compounds 5 are required as 
starting material for the PS condensation Build up of the Nb-functionalizcd tryptamines 5a,b was 
accomplished with an amide coupling of tryptamine 14 with the chiral methyl ester 18 (scheme 
5 8) 
Scheme 5.8 











The chiral methyl ester 18 was synthesized in two steps from nearly optically pure (R)-3-
(acetylthio)-2-(fe/7-butyldiphenylsilyloxy)-propanal diethyl acetal 17 (scheme 5 9) The synthesis of 
17 has been described in chapter 3 Deprotection of thioacetate m 17 by treatment with sodium 
methoxide in methanol gave the sodium thiolate, which was alkylated in situ with methyl 
chloroacetate to give 18 in 96% yield The methyl ester 18 was coupled with tryptamine 14 by 
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tBDPSO л \ ^ S 
То study the PS cyclization also with a classical iminium-ion the amide moiety in 5a was 
reduced with lithiumaluminium hydride to give 5b in 25% yield. 
5.3.2 Pictet-Spcngler Condensation 
The initial cyclization experiments were carried out with the amine 5b. Using the reaction 
conditions successfully applied in the chapters 2 and 3 for the in situ generation of aldehydes from 
diethyl acetáis (viz. trifluoroacctic acid/water in chloroform or formic acid/water) only the 
formation of numerous side products took place. It is known that the driving force in the PS 
condensation is the electrophilic nature of the intermediate iminium ion double bond.8 Therefore, it 
may be assumed that no cyclization products were formed due to the low reactivity of the 
intermediate dialkyliminium ion formed from 5b (vide infra). 
Indeed with amide 5a, giving the highly reactive N-acyliminium ion intermediate, cyclization 
was accomplished, albeit in low yield. By treatment with formic acid/water at room temperature 
only deprotection of the diethyl acetal to the aldehyde was observed. After heating at reflux of 5a in 
chloroform in the presence of trifluoroacetic/water for 18 hours all starting material had been 
consumed and the two diastereomeric tetracyclic products were isolated in 36% yield in a 50/50 
ratio. 
Scheme 5.10 
С С Л Р 
t ) 2 \ HC(OEt) ; 
tBDPSO ' 
CHCI3, reflux и 1 Я 
tBDPSO 
5a 19 
cis / trans = 1 / 1 
20/21 
In contrast to the natural eudistomin series, the cis/trans assignments were now reliable be made 
on the basis of the coupling constants between the C(13b)H and C(1)H protons. Due to the amide-
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moiety the tetracyclic structure in 20/21 is almost rigid. This is readily deduced from the NMR 
spectra because no peak-broadening was observed, in contrast to the spectra of the eudistomins with 
an oxathiazepine moiety (see chapter 8). In the cis diastereomer H(13b) gives a sharp singlet, 
corresponding with a dihedral angle with H(l) of =90°. In the trans diastereomer H(13b) gives a 
doublet (J=8.0 Hz), corresponding with a dihedral angle with H(l) of = 180°. 
The tBDPS protective group in 20/21 was removed by treatment with tetrabutylammonium 







At this point it is interesting to compare the reactivity of the Nb-alkoxyiminium ions as were 
used in related PS cyclizations in chapter 3, with the reactivity of the Nb-acyl- and Nb-alkyliminium 
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See entries 4 and 5 in scheme 3.1 S in chapter 3. 
By considering the information collected in scheme 5.12, a recapitulation can be made of the 
efficiency of the PS condensation in relation to the nature of intermediate iminium ion. The 
discussion of the rate of the reaction in relation to the nature of the iminium ion can be devided into 
two independent parameters which can be rate determining in the PS condensation: 
- The rate of formation of the iminium ion. 
- The clectrophilicity of the once formed iminium ion. 
For clarity reasons we will start discussing the latter parameter. Recently, Cook and coworkers 
described the relation between the ptf
a
-values of amines and the reactivity of the corresponding 
electrophilic iminium ions.9 A lower p^
a
-value of the amine is indicative for a more electrophilic 
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and thus more reactive ïminium ion (СНз)НШ + R'-CHO -> (Cb^RN^CHR' In table 5 1 some 
representative amines and their pAf
a
-values are shown From table 5 1 an increasing reactivity is 
thus expected in the order СНз<Вп<ОСНз<Ас 
Table 5.1 (CH3)HNR (pKa'sfromref 10) 
R pK
a
 R p *
a 
СНз 10 7 ОСНз 5 2 
Bn 9 54 Ac -046 
The reactivity order СНз<Вп<ОСНз was confirmed experimentally by Cook and coworkers 9 
The reactivity order СНз<Ас is also established in this chapter with the cyclizations of 5a and 5b 
(entries 3 and 2, respectively, in scheme 5 12) Prom the data in table 5 1, however, it follows that 
the fastest PS condensation can be expected when using N-acyhminium ions due to the low electron 
density at the amide nitrogens, this in contrast with the experimental data shown in scheme 5 12 
Although the pK
a
 of N-alkoxy nitrogen atoms is 5 7 logarithmic magnitudes higher than the pK
a
 of 
amide nitrogen atoms, with N-alkoxy amines much higher PS cyclization rates were found 
(compare entries 1 and 2 in scheme 5 12) 
The reason for this deviation may be that with amides the reactivity of the formed N-
acyliminium ion is not rate determining in the PS condensation Due to the relative low 
nucleophilicity of amide nitrogen atoms compared to N-alkoxy nitrogen atoms the formation of N-
acyhminium ions is probably rate determining The inductive electron withdrawing N-alkoxy 
substituent lowers the pAT
a
 of the amine but increases the nucleophilicity of the nitrogen atom due to 
the alpha-effect ' ' This synergistic effect is in particular important in our specific cyclization 
because a disfavored intermediate 7-membered cyclic iminium ion must be formed 
Also the inability of the aldehydes 3a,b (section 5 2 2) to give a PS cyclization can be explained 
now As is discussed above cyclizations via N-alkoxyiminium ions proceed much faster than 
cyclizations via N-acyliminium ions Comparison of the data in scheme 2 11 (chapter 2) with the 
data in scheme 5 12 shows that the rate of the PS cyclization with a-alkoxy aldehydes is much 
faster than with carbamate protected α-amino aldehydes Therefore, formation of a disfavored 7-
membered N-acyliminium ion intermediate from an α amino aldehyde will occur at a very slow 
rate 
Therefore, at this point, the highly important conclusion can be drawn that the intramolecular PS 
condensation is in retrospect the strategy of choice for the construction of the [l,6,2]-oxathiazepine 
7-membered ring system In chapter 1 it was mentioned that the crucial step in the synthesis of 
tetracyclic eudistomins is the closure of this 7-membered ring system As was demonstrated in the 
chapters 2-4 and 6, indeed, with help of the versatile N-alkoxyiminium ion, which is both easily 
formed and highly electrophilic, ring closure was accomplished in high yields In chapter 7 the 
versatility of N-alkoxyiminium ion will be emphasized in the synthesis of the canthme type 
skeleton 
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5.3.3 Introduction of the Amino Functionality via the Mitsunobu Reaction 
Initially the Mitsunobu reaction was performed with hydrazoic acid as the nucleophile but no 
conversion of the starling material could be observed Analogous to the results in chapter 3, 
introduction of the azide moiety could be accomplished with Zn(N3)2*2Py, although only at an 
elevated temperature (50°C), to give 23 in 80% yield The reason that the reaction only occurs at 
elevated temperature is merely due to the low solubility of 4a in the toluene/THF (5/2, v/v) solvent 
mixture 
From the structure of 23 as deduced from the NMR spectrum it is evident that, unfortunately, 
transannular neighboring group participation of the β-positioned sulfur atom has played a dominant 
role (scheme 5 13) The proton at C( 12b) was present as a doublet with a coupling constant of 7 3 
Hz, thus indicating a trans relationship with the proton at C(l). None of the desired cudistomin 





5.4 Concluding Remarks 
The PS condensation to produce an eudistomin analog in which the oxygen atom in the 7-
membered ring unit is replaced by a carbonyl group was accomplished when the precursor 
aldehydes contain an α-oxygen function The diastereomenc ratio of cis/trans eudistomin analogs 
amounted 1 I When an α-amino group is present in the aldehyde precursor no PS cychzation could 
be realized The N-acyhminium ions which are intermediates in the above PS condensation are 
reactive species However, their formation will be hampered due to relative low nucleophilicity of 
amide nitrogen atoms and the strain exerted by the 7-membered ring in which the N-acyliminium 
ion is incorporated As in all PS condensations α-amino aldehydes are less reactive than a-alkoxy 
aldehydes Attempts to substitute the C(l)-OH function in eudistomin carba analog 4a by 
employing the Mitsunobu conditions was not successful due to the involvement of neighboring 
group participation of the ß-positioned sulfur atom leading to a 6/5/6/6 membered tetracyclic ring 
system instead of the desired 6/5/6/7 membered ring system 
Work is now in progress to synthesize the desoxa carba-eudistomin derivative via the 
wtermolecular PS approach starting from 24 as the precursor, which is accessible by reaction of 
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tryptamine 14 with the known aldehyde 25, followed by closure of the 7-membered [l,4]-thiazepine 
ring (scheme 5 14) An advantage of the intermolecular PS approach is the expected high 
diastereoselectivity to the desired cis diastereomcr l 2 
Scheme 5.14 
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5.5 Experimental Part 
For general remarks see the experimental part of chapter 2. 
N4iert-butyloxycai-bonyl)-0-(/erT-butyldiphenylsilyl)-L-cysrinol (9) The methyl esler in 7a was reduced (o the 
:orresponding alcohol following a literature procedure 4 To this alcohol (6 4 g, 15 S mmol) dissolved in DMF (SO mL) 
was added feri-bulylchlorodiphenylsilane (9 6 g, 28 6 mmol) and imidazole (6 8 g. 100 mmol) After standing for 2 
jays all starting material had been consumed The reaction was worked-up by the addition of EtOAc (100 mL) followed 
by removal of DMF and imidazole by 5 extractions with 5% aqueous citric acid The organic layer was neutralized with 
>al NaHC03, washed with bnne and dried (MgSOa) The volatiles were removed in vacuo to yield 13 7 g (99%) of 
:rude 9 as a colorless oil which was homogeneous by TLC, Rf 0 46 (EtOAc/hexanes=l/8, v/v), FABMS(70eV), m/z 
[relative intensity) 889 ([M+1J+, 1 2). 733 ([М-С| 2 Нц] + , 32), 199 ([C 1 3H|iSiO]+, 42), 135 ([CioH|5]+, 100), Ή 
NMR (90 MHz) δ 7 78-7 58 (m, 8Η, 4xPhH2). 7 46 7 30 (m, 12H, 4xPhH3), 5 04 (br d, 2H. J=6 2 Hz, 2xNH), 3 96 
3 64(m,6H,2xOCH2CH),2 99-2 9l (m, 4H, 2xSCH2), 1 44(s, 9H, OC(CH3)3), I 06(s, 9H, SiC(CH3)3) 
N-(tert-butyloxycarbonyl)-0-(f€rt-butyldipenylsilyl)-L-cysteinol (10) То 9 (9 I g, 10 2 mmol) dissolved in ether 
[100 mL) was added Incthylamine (3 6 mL, 2 6 g, 26 mmol) and dilhiothreitol (3 2 g, 21 mmol) The reaction needed 3 
weeks to reach completion (the resulting cyclic disulfide of dilhiothreilol gave colorless cubic crystals) The volatiles 
were evaporated m vacuo and the residue was subjected to column chromatography to afford 9 03 g (99%) of the Ihiol 
10 as a colorless oil, Rf 0 55 (EtOAc/hexanes=l/8, ν/ν), Ή NMR (90 MHz) 6 7 78755 (m, 4H, 2xPhH2), 7 48-7 30 
(m, 6H, 2xPhH3), 4 88 (br d, 2H, J=5 0 Hz, NH), 3 90-3 63 (m, 3H, OCH2CH), 2 90-2 63 (m, 2H. SCH2), I 44 (s, 9H, 
0С(СН3)э), 1 18 (t, IH, J=10 0 Hz. SH), 1 05 (s. 9H, SiC(CH3)3) 
AUyl bromoacetate (11) То bromoacetic acid (25 mL, 48 g, 0 34 mole) and allyl alcohol (24 mL. 20 g, 0 34 mole) 
m cyclohexane (200 mL) was added TsOH*H20 (10 mg) and the resulting reaction mixture was heated at reflux for 3 
hours with azeotropic removal of the formed water employing a Dean and Stark apparatus The reaction mixture was 
neutralized by washing with dil Na 2 C0 3 After washing wilh bnne and drying (MgSOa) the volatiles were evaporated 
in vacuo and the residue was purified by vacuum distillation to give 51 g (82%) of 11 as a colorless very irritating liquid 
(bp=73°C/15 mmHg). Ή NMR (90 MHz) δ 6 61-5 75 (m, IH, H2C=ffl). 5 48-5 21 (m, 2Н, Н.гС=СН), 4 69 (dl, 2Н 
Г=5 6 Hz and J=l 2 Hz. OCH2), 3 86 (s, 2H, CH2Br) 
3-AJIyloxycarbonylmelhylthio-l -Ieri -butyldiphenylsilyloxy-2-(tert-butyloxycarbonylamino)-propanc (12a) То 
10 (9 0 g, 20 2 mmol) dissolved in benzene (10 mL) was added l,8-diazabicyclo[5 4 0Jundec-7 ene (3 0 mL, 3 1 g, 20 
mmol) and allyl bromoacetate 11 (3 6 g, 20 mmol) causing a slight exothermic reaction (ca 30°C raise in temperature) 
The reaction was completed within 15 mm and worked-up by extraction with 10% citric acid, sal NaHC03 and brine 
After drying (MgS04) the solvent was evaporated m vacuo to yield 10 9 g (99%) of 12a as a colorless oil, Rf 0 38 
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(EtOAc/hexanes=l/8, v/v), CIMS(70eV), m/z (relative intensity) 544 ([M+1J+, 5), 430 ([M-1131+, 100), 199 
([Ci3HnSiO]+, 42), 57 ( [ C 4 H 9 ] + , 68), Ή NMR (90 MHz) δ 7 76-7 52 (m, 4Η, 2xPhH2), 7 47 7 29 (m, 6H, 2xPhH3X 
6 14-5 71 (m, IH, Н 2 С=£Ш, 5 46-5 15 (m, 2H, ЫгС=СН), 4 90 (br d. 2H, J=8 2 Hz, NH), 4 72-4 56 (m, 2H, 
C(0)OCH2), 3 94-3 67 (m, 3H, OCH2CH), 3 27 (s, 2H, SCH2COOMe), 2 88 (d, 2H, J=6 0 Hz, SCH2), 1 43 (s, 9H, 
ОС(СНз)з), 1 06 (t. lH,J=IOOHz. SH), 1 05(s,9H.SiC(CH3)3) 
Methyl 3-Allyloxycarbonylmethylthio-2-(benzyloxycarbonylarnino)-propionate (12b) For reduction of the 
disulfide in 7b the same procedure was followed as deenbed for the synthesis of 10 Disulfide 7b (9 86 g, 18 4 mmol), 
tnelhylamine (5 1 mL, 3 74 g, 37 0 mmol) and dithiolhreitol (5 67 g, 37 0 mmol) in ether (100 mL) gave complete 
formation of the thiol in 2 hours, Rf(7b) 0 06, Rflg) 021 (both EtOAc/hexanes=l/2, v/v) The crude thiol 8 was 
alkylated with allyl bromoaietale 11 (6 6 g, 37 0 mmol) using DBU (5 6 g, 37 0 mmol) as the ba.se as described for the 
synthesis of 12a, lo give after purification by column chromatography (EtOAc/hexanes=l/2, v/v) 9 43 g (69%) of 12b 
as acolorless oil, Rr0 15 (ElOAc/hexancs=l/2, v/v). CIMS(70cV), m/z (relative intensity) 368 ([M+l]+, 32), 324 (|M-
44]+, 16), 91 ( [ C 7 H 7 ] + , 100), Ή NMR (100 MHz) δ 7 34 (s, 5Η, PhH5), 6 12-5 73 (m, 2H, Н 2 С = Ш and NH), 5 41-
5 19 (m, 2H, Ы.2С=СН), 5 12 (s, 2Н, CH2Ph), 4 7-4 58 (m, 2Н, 0£Η2™=ΟΗ 2 ) , 3 75 (s, ЗН, OCH3). 3 27 (s, 2Н, 
SCH2COOMe), 3 12-3 06 (m, 2H, SCH2CH) 
3-carboxymcthylthio-l-rert-butyldiphenylsUyloxy-2-((ert-buryloxycarbonylamino)-propane (13a) То 12a (9 8 
g, 19 2 mmol) under an argon atmosphere in EtOAc (100 mL) was added morpholine (15 mL) and tetrakis(tnphenyl-
phosphine)palladium(O) (15 mg, 0 013 mmol) After stirring at room temperature for 12 hours the reaction mixture was 
extracted with 2 portions IN KHSO4, brine and dried (MgSC>4) The volatiles were evaporated m vacuo and the residue 
was subjected to column chromatography (МеОН/СН2СІ2) to give 6 6 g (73%) of 13a as a colorless oil, Rf 0 15 
(EtOAc/hexanes=l/l, v/v), ClMS(70eV), m/z (relative intensity) 504 (IM+1]+, 6), 390 ([M-113| + , 100), 199 
(lCi 3HnSiO]+, 82), 57 ([C4H 9]+, 84), Ή NMR (90MHz) δ7 76-7 52 (m, 4Η, 2xPhH2), 7 46-7 31 (m, 6H, 2xPhH3), 
496 (very br s, IH, NH), 3 88-3 66 (m, ЗН, OCH2CH), 2 87 (d, 2H, J=5 8 Hz, SCH2), I 42 (s, 9H, OC(CH3)3), 1 05 (s, 
9H. SiC(CH3)3) 
Methyl 2-(benzyloxycarbonylamino)-3-carboxymethylthio-propionale ( 13b) For liberation of the acid from the 
allyl ester the same procedure was followed as described for 13a using 12b (6 0 g, 16 4 mmol), morpholine (15 ml,) 
and tetrakis(tnphcnylphosphine)palladium(0) (15 mg, 0 013 mmol) After work-up 5 3 g (100%) of crude 13b was 
obtained which was not further purified It should be noted here that initially the palladium catalyzed reaction did not 
proceed al all Several new attempts were made bul only after careful purification of Ihe starting material (1 e 12b) by 
column chromatography dcprotection of Ihe allyl ester succeeded, CIMS(70eV), m/z (relative intensity) 328 ([M+l] + , 
77), 284 ([M+1-C02 ] + , 45), 91 ([C7H7)+, 100), Ή NMR (90 MHz) δ 9 11 (br s, IH, COOH), 7 33 (s, 5Н, PhH5), 5 87 
(very br d, IH, J=8 I Hz, NH), 5 12 (s, 2H, CH2Ph), 4 77-4 55 (m, Ш, £HCH2), 3 76 (s, 3H, OCH3), 3 26 (s, 2H, 
SCH2C02), 3 22 2 94 (m, 2H, SCH2 C H ) 
2-(3-hydroxy-2-(<ert-butyloxycarbonylamino)-propylthio)-N-[2-(lH-indole-3-yl)-ethyl]-acetamide (15a) To 
13a (6 5 g, 13 8 mmol) and tryptamme 14 (2 2 g, 13 8 mmol) dissolved in acetonitnle (100 mL) was added 
dicyclohexylcarbodumide (2 84 g, 13 8 mmol), giving Ihe immediate precipitation of dicyclohexylureum The reaction 
was completed within 30 min (R f(product)=0 ^3, EtOAc/hexanes=l/l, v/v) Work-up was accomplished by filtration of 
the reaction mixture over hyflo followed by removal of the solvent in vacuo The residue was dissolved in THF (25 mL) 
followed by the addition of tctrabuiylammonium fluoride ( 15 mL of a 1M solution in THF) After 30 mm the solvent 
was evaporated m vacuo and the residue was subjected to column chromatography (MeOH/CH2Cl2=5/95, v/v) to give 
3 45 g (61%) of 15a as a colorless oil, Rf 0 38 (MeOH/CH2Cl2=7/93. v/v), a^ 2=-6 9° (c=4 50, McOH), CIMS(70eV), 
ml/, (relative intensity) 407 ([M]+, I), 143 ([C|oH 9 N] + , 86), 130 ([C9HgNl+, 37), 57 ([C 4 H 9 1 + , 100), Ή NMR (90 
MHz) δ 8 76 (br s, IH, indole NH). 7 62-7 48 (m, IH, indole C(7)H), 7 40-7 00 (m, 5H. indole C(2) and C(4)-C(6)H3 
and CH2NH). 5 24 (br d, IH, J=7 8 Hz, BocNH), 3 71 3 36 (m, 5H, CH2QÌ2N and OCH2CH), 3 11 (s, 2H, 
SCH2C(0)),2 97(l,2H.J=64Hz,CH2CU2N),2 68-2 36(m,3H,Siai2CHandOH). I 41 (s,9H,C(CH3)3) 
Methyl 2-(benzyloxycarbonylamino)-3-(2-(lH-indol-3-yl)-ethylcarbamoylmethylsulfanol)-propionate (16) 
The same procedure was followed as described for 15a using 13b (5 3 g, 16 2 mmol), tryptamme 14 (2 6 g, 16 2 mmol) 
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and dicyclohexylcarbodiimide (3 4 g, 16 2 mmol) Work-up and purification by column chromatography 
(MeOH/CH2CI2=5/95, v/v) afforded 4 6 g (62%) of 16 as a white foam, Rf 0 53 (MeOH/CH2Cl2=7/93, v/v), 
CIMS(70eV), m/z (relative intensity) 470 ([M+l]+, 100), 426 (M+1-C02]+, 41), 235 ([Ci2H1 5N2C>5]+, 4), 203 
( [Ci 2 Hi 5 N 2 0] + , 35), 130([C9H8N]+, 17), 91 ([C7H7,51), Ή NMR (90 MHz) δ 8 42(brs, IH, indole ΝΗ), 7 64-7 49 
(m, IH, indole C(7)H), 7 38-6 99 (m, 4Н, indole С(2) and С(4)-С(6)Н3), 7 38 (s, 5Н, PhH5), 6 74 (very br t, IH. J=7 1 
Hz, С Н 2 С Н 2 Щ ) , 5 80 (br d, IH, J=8 0 Hz, CbzNH), 5 09 (s, 2H, CH2Ph), 4 59-4 38 (m, IH, С Н 2 С Н ) · 3 7 4 " 3 4 9 <m· 
2H, CH2Ql2NH), 3 69 (s, 3H, OCH3), 3 11 (s, 2H, SCH2CO), 3 04-2 61 (m, 4H, £H.2CH2NH and Sffl2CH) 
2-(3-hydroxy-2-(b€nzyloxycarb<inylamino-propylthio)-N-[2-(líí-indole-3-yl)-ethyl]-acetamide (15b) To 1 6 
(4 5 g, 9 9 mmol) in dry ether/THF ( 1/1, v/v, 50 mL) was added dry methanol (0 60 mL, 0 48 g, 14 9 mmol) and lithium 
borohydnde (330 mg, 15 0 mmol) A rather insoluble sticky white syrup emerged from the solution After stirring for 
30 minutes all starting material had been consumed Work up was accomplished by the careful addition of sat 
NaHC03 The organic layer was washed with brine and dried (MgS04) followed by evaporation of the volatiles m 
vacuo The residue was subjected to column chromatography (MeOH/CH2Cl2=5/95, v/v) to give 3 3 g (78%) of 15b as 
a white foam, Rf 0 23 (MeOH/CH2Cl2=7/93, v/v), 0 39 (MeOH/CH2CI2=l/9, v/v), CIMS(70eV), m/z (relative 
intensity) 442 ([M+l]+, 38), 398 (M+1-C02]+, 12), 308 ( [ C ^ H ^ N ^ S ] - 1 " , 100), 203 ( [C | 2 H 1 5 N 2 0] + , 79), 91 
([C7H7, 68), Ή NMR (90 MHz) δ 8 52 (br s, IH, indole ΝΗ), 7 60-7 47 (m, IH, indole C(7)H), 7 37-6 97 (m, 4H, 
indole C(2) and C(4)-C(6)H3), 7 31 (s, 5H, PhH5), 6 97-6 80 (m, IH, С Н 2 С Н 2 Ш ) , 5 51 (br d, IH, J=8 2 Hz, CbzNH), 
5 04 (s, 2H, CH2Ph), 3 77-3 30 (m, 6H, IH exchangeable, CH 2 f f l 2 NH and CHCH2OH), 3 07 (s, 2H, SCH2CO), 2 95 
(t, 2H, J=6 3 Hz, ÇU2CH2NH), 2 57-2 46 (m, 2H, SCHACH) 
2-(2-(lert-butyIoxycarbonylamino)-3-oxo-propyIthio)-N-[2-(ltf-indole-3-yl)-ethyl]-acetamide (3a) and 2-(3-
hydroxy-3-methoxy-2-(iert-butyloxycarbonylamino-propylthio))-N-[2-(l//-indole-3-yl)-ethyl]-acetamide (За') То 
a cooled (-5°C) solution of 15a (2 46 g, 6 0 mmol) in DMSO/CH2CI2 (1/1, v/v, 40 mL) was added tnethylamine (1 83 
g, 2 51 mL, 18 mmol) To the efficiently stirred solution was added sulfur trioxidc pyridine complex (2 9 g, 18 2 mmol, 
dissolved in 10 mL DMSO/CH2Cl2 (1/1, v/v)) at once After additional stirring in the cold for 30 minutes all starting 
material had been consumed Work-up was accomplished by the addition of IN KHSO4 (100 mL) and CH 2 CH 2 (50 
mL) After another extraction with dil KHSO4, water and brine the organic layer was dried (Na2S04) The volatiles 
were evaporated in vacuo to give 2 6 g of the crude racemic aldehyde 3a, Rf 0 41 (MeOH/CH2CI2=7/93, v/v), 
FABMS(70eV). m/z (relative intensity) 405 ([M]+, 2), 143 (100), 130 ([C 9H8N]+, 59), [ H NMR (90 MHz) δ 9 31 (s, 
IH, HCO), 8 37 (br s, IH, indole ΝΗ), 7 58-7 44 (m, IH, indole C(7)H), 7 35-6 94 (m, 4H, indole C(2) and C(4)-
C(6)H3), 6 66 (very br l, IH, J=6 0 Hz, СН 2 СН 2 ІШ), 5 42 (br d, IH, J=6 8 Hz, BocNH), 4 07 (q, IH J=6 0 Hz, 
CH2CH), 3 57 (q, 2H, J=6 4 Hz, CH2CH2N), 3 07 (s, 2H, SCH2C(0)), 2 93 (t, 2H, J=6 1 Hz, CÜ2CH2N), 2 66 (dd, 2H 
J=2 2 Hz and J=6 0 Hz, Sffl2CH), 1 36 (s, 9H, C(CH3)3) The crude aldehyde 3a was purified by column 
chromatography (MeOH/CH2CH2=3/97, v/v) to give 1 41 g (56%) of the methyl hemiacelal 3a' as a mixture of 
diastereomers as a white foam, Rf 0 41 (MeOH/CH2Cl2=7/93, v/v), Ή NMR (90 MHz) δ 8 52 (br s, IH, indole ΝΗ), 
7 64-7 54 (m, IH, indole C(7)H), 7 42-6 94 (m, 5H, indole C(7) and C(4)-C(6)H3 and С Н 2 С Н 2 Ш ) , 5 07 and 4 92 
(2xbr d, IH, J=9 4 Hz, BocNH), 4 58-4 42 (m, IH, SCH2CHffl), 3 92 3 53 (m, 3H, C H 2 f f l 2 N and CH2fflCH), 3 37 
and 3 36 (2xs, 3H, OCH 3 ), 3 16 (s, 2H, SCH 2C(0)), 3 00 (t, 2H, J=6 1 Hz, £ÏÏ2CH2N), 2 78-2 50 (m, 2H 
SCÜ2CHCH), 1 44 (s, 9H, C(CH3)3) The hemiacelal За' was converted to the aldehyde 3a by treatment with 4À 
molecular sieves for 6 hours Anal Caled for C2oH27N304S-H20 C, 56 72, H, 6 90 N,9 92 S, 7 57 Found С 56 92, 
H, 6 66, Ν, 9 66 S, 7 51 
2-(2-(benzyloxycarbonylamino-3-oxo-propylthio)-N-[2-(lff-indole-3-yl)-ethyl]-acetamide (3 b) and 2- ( 3-
hydroxy-3-methoxy-2-(benzyloxycarbonylamino-propylthio))-N-[2-(lff-indole-3-yl)-ethyl]-acetamide (3b') The 
same procedure was followed as described for 3a using 15b (3 3 g, 7 7 mmol) and sulfur tnoxide pyridine complex (3 7 
g, 23 2 mmol) Purification by column chromatography (MeOH/CH2Cl2=5/95, v/v) afforded 2 24 g (64%) of the 
aldehyde methyl hemiacelal 3b' as a white foam as a racemic mixture of two diastereomers, Rf 0 50 
(MeOH/CH2CI2=l/9, v/v), Ή NMR (90 MHz) δ 8 40 (br s, IH, indole ΝΗ), 7 62-7 50 (m, IH, indole C(7)H), 7 39-
6 99 (m, 4H, indole C(7) and C(4)-C(6)H3), 7 30 (s, 5H, PI1H5), 6 94-6 75 (m, IH, С Н 2 С Н 2 Ш ) , 5 40 and 5 24 (2xbr d, 
IH, J=9 0 Hz, CbzNH), 5 07 (s, 2H, CH2Ph), 4 57-4 44 (m, IH, SCH2CHffl), 3 99-3 49 (m, 3H, C H 2 f f l 2 N and 
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CH2fflCH), 3 33 and 3 32 (2xs, 3H, OCH3), 3 12 (s, 2H, SCH2C(0)), 2 96 (t, 2H, J=6 2 Hz, CÜ2CH2N), 2 67-2 47 
(m, 2H, SCJ^CHCH) The hcmiacetal 3b' was converted to the aldehyde 3b by treatment with 4Â molecular sieves in 
CDC13 for 8 hours, Rf 0 50 (МеОН/СН2СІ2=1/9, v/v), EIMS(70eV), m/z (relative intensity) 439 ([M]+, 0 07), 234 
([Ci2Hi4N2OS]+,4), 130([C9HgN]+, 50), 91 ([C7H7, 100), · Η NMR (90 MHz) δ 9 34 (s, IH, CHO), 8 23 (br s, IH, 
indole NH), 7 63-7 52 (m, IH, indole C(7)H), 7 32 (s, 5Н, PhHsJ. 7 33-6 99 (m, 4Н, indole С(2) and С(4)-С(6)Н3Х 
656(verybrl, IH,J=6 1 Hz, С Н 2 С Н 2 Ш ) , 5 83 (very br d, IH, J=62 Hz, CbzNH), 5 08 (s, 2H,CH2Ph), 4 18 (q, IH. 
J=6 2 H/, SCH2ffl ), 3 62 (q, 2H, J=6 3 Hz, CH2£H.2NH). 3 °9 (s, 2H, SCH2CO). 2 97 (l, 2H, J=6 3 Hz, 
CH2CH2NH), 2 73 dd, 2H, J=l 8 Hz and J=5 8 Hz, SQ^CH) , Anal Caled for С 2 зН24^045«Н 2 0 С 60 51. H, 5 74 
N. 9 20 S, 7 02 Found С 60 49. H, 5 96, Ν, 9 09 S, 6 85 
Methyl (33-diethoxy-2-(ert-butyldiphenylsilyloxy-propylthio)-acetate (18) To dry methanol (10 mL) was added 
sodium (50 mg, 2 2 mmol) in one portion This NaOMe solution was added to a stirred solution of 17 (0 90 g, 1 96 
mmol) dissolved in dry methanol (20 mL) After 15 min Nal (20 mg) and methyl chloroacetate (0 26 mL, 0 33 g, 3 0 
mmol) were added (immediate NaCl formation) and the solution was stirred for 1 hour Work up was accomplished by 
removal of the volatiles m vacuo followed by addition of ElOAc (50 mL) and washing of the solution with water and 
sat NH4CI After drying (MgSC>4) the volatiles were removed at high vacuum (in order to remove the excess methyl 
chloroacetate) to yield 0 93 g (96%) of 18 as a colorless oil, Rf 0 34 (EtOAc/hexanes=l/5, v/v), ClMS(70eV), m/z 
(relative intensity) 519 ([M+29]+, 1 4), 445 ([M-OEt]+, 0 5), 103 ([CH(OEt)2]+, 100), >H NMR (90 MHz) δ 7 80-7 68 
(m, 4Η, 2xPhH2), 7 41-7 24 (m, 6H, 2xPhH3), 4 36 (d, IH, J=4 7 Hz, СН 2 СНШ), 3 91 (q, IH, J=4 9 Hz, CH2ÇHCH), 
3 76-3 16 (m, 4H, 2ХОШ2СН3), 3 66 (s, 3H, OCH3), 3 04 (s, 2H, SCH2COOMe), 2 85 (d, IH, J=4 8 Hz, Ш 2 С Н С Н ) · 
1 17 and 0 97 (2xt, 6H, J=7 1 Hz, 2xOCH2£H.2). 1 07 (s, 9H, C(CH3)3) 
2-(33-diethoxy-2-<ert-butyldiphenylsilyloxy-propylthio)-N-[2-(LH-indole-3-yl)-ethyl]-acetamide ( 5 a ) A 
solution of tryptamine 14 (1 0 g, 6 3 mmol) and 17 (0 92 g, 1 9 mmol) in methanol (25 mL) was heated at reflux for 7 
days The volatiles were subsequently removed іл vacuo and the residue was subjected to column chromatography 
(ElOAc/hexanes=l/l, v/v) to give 0 86 g (74%) of 5a as a colorless oil, Rf 0 17 (EtOAc/hexanes=l/2, v/v), 
CIMS(70eV), m/z (relative intensity) 618 ([M|+, 2), 573 ([M-OEl]+, 1). 130 ([C 9HgN]+, 40), 103 ([CH(OEl)2l+, 100), 
'H NMR (90 ΜΗ?) δ 8 16 (br s, IH, indole NH), 7 77-7 51 (m, 5H, 2xPhH2 and ìndole C(7)H), 7 43-6 89 (m, 1 IH, 
2xPhH3, indole C(2)H and C(4)-C(6)H3 and NH), 4 29 (d, IH, J=4 2 Hz, CH2CHÇH). 3 84 (q, IH, J=4 8 Hz, 
СН 2 ШСН), 3 71-3 12 (m, 6H, 2хО£Н.2СНз and CH 2 f f l 2 N). 3 04 (s, 2H. SCH2C(0)N), 2 94 (I, 2H, J=6 2 Hz. 
Œ2CH2N), 2 62 (d, 2H, J=5 1 Hz, SÇH2CHCH). 1 16 and 0 97 (2xt, 6H, J=7 2 Hz and J=7 1 Hz, 2xOCH2ffl2). 1 06 
(s,9H,C(CH3)3) 
[2-(33-diethoxy-2-iert-butyldiphenylsilyloxy-propylthio)-ethyl]-[2-(lff-indole-3-yl)-ethyl]-amine (5b) To 5a 
(0 86 g, 1 4 mmol) in dry THF (50 mL) under an argon atmosphere was added L1AIH4 (80 mg, 2 1 mmol), and the 
resulting reaction mixture was heated at reflux for 12 hours, after which time still some starting material was detected 
by TLC Another portion L1AIH4 (80 mg 2 1 mmol) was added and after 30 min all starting material had been 
consumed Work up was accomplished by the careful addition of dil NaOH (10 mL of a 2m solution) followed by 3 
washings with water and sat NH4CI After drying (MgS04) the solvent was removed in vacuo and the residue was 
subjected lo column chromatography (Et3N/McOH/CHCl3=0 5/5/94 5, v/v/v) to give 210 mg (25%) of 5b as a colorless 
oil, Rf 0 56 (MeOH/CHCl3 = l/9, v/v), CIMS(70eV), m/z (relative intensity) 605 ([M+l]+, 0 4), 559 ([M-OEt)+, 0 7), 
143 (100), 130 ([C9H8N]+, 80), 103 ([CH(Obt)2]+, 95), 'H NMR (90 MHz) δ 8 09 (br s, IH, indole NH), 7 83-7 57 
(m, 5H, 2xPhH2 and indole C(7)H), 7 36-6 99 (m, ЮН, indole C(3)H and C(4)-C(6)H3 and 2xPhH3), 4 33 (d, IH, 
J=5 3 Hz, СН 2 СНШ), 3 94-2 19 (m, 15H, CH2CH2NCH2CH2SCH2CH and 2XOÇH2CH3), 1 18 and 0 99 (2xt, 6H. 
J=6 8 Hz, 2xOCH2£H2), 1 08 (s, 9H, С(СНз)з) 
20 and 21 To 5a (0 5 g, 0 81 mmol), dissolved in chloroform (100 mL), was added a mixture of tnfluoroacelic 
acid/water (4 mL of a 1/1, v/v, solution) and the resulting 2-phase system was heated at reflux for 24 hours under an 
argon atmosphere After cooling to room temperature the reaction mixture was cautiously neutralized by the portion 
wise addition of №НСОз After washing with brine and drying (Na 2S04) the volatiles were evaporated m vacuo and 
the residue was subjected to column chromatography (ElOAc/hexanes=l/5, v/v) to give 75 mg (18%) of 20 as a while 
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solid Rf 0 17 (EtOAc/hexanes=l/3, v/v), HPLC (acetomtnle, flow=l ml^min , λ=280 nm), relenlion time (min ) 8 3, 
Op =-47 1 (c=4 35, MeOH), CIMS(70cV), m/7 (relative intensity) 527 ([M+l | + , 12), 526 ((M] + , 10), 270 
([C|5H|4N2OS]+, 72), 244(100), 169 ([CuH 9 N 2 ] + , 36), 'Η NMR (90 MHz) δ 7 56-7 04 (m. 15Η, ìndole-NH, indole 
C(4)-C(7)H4and2xPhH5), 5 10 (br s, IH, C(13b)H), 5 03-4 96 (m, IH, C(7)Hß), 4 31-4 07 (m, IH, C(l)H), 3 61 and 
3 41 (AB, 2H, JAB = 13 2 Hz. C(4)H2), 3 79-3 45 (m, IH, C(7)Ha), 2 99-2 52 (m. 4H, C(2)H2 and C(8)H2), 0 66(s, 9H, 
С(СНз)з).Апа1 Caled for C3iH34N202SSi С, 7068, H.651, Ν, 5 32, S.609 Found С. 69 79, Η. 6 44. N,5 47. S. 
6 13 and 76 mg (18%) of 21 as a white solid Rf 0 23 (EtOAc/hexanes=l/3, v/v), HPLC (acetomtnle, fIow=l mL/min , 
λ=280 nm), retention time (mm ) 9 1, <Ц)22=-2 8 (c=5 30, MeOH), CIMS(70eV), m/z (relative intensity) 528 (|M+2) +, 
13). 527 (IM+I ]+. 11), 244 (100). 169 ([Ci i H 9 N 2 ] + , 34). lH NMR (90 MHz) 6 8 19 (br s, IH, indole-NH). 7 50-7 02 
(m. 13H, indole PI1H3 and 2xPhHs ), 6 87-6 72 (m, 1H, indole-PhH | ), 5 00 (d, IH, J=8 4 Hz, C( 13b)H), 4 91 -4 73 (m, 
IH, C(7)Hß), 4 27-4 06 (m, IH, C(l)H), 3 83 and 3 28 (AB, 2H. 2H, JAB = 13 2 Hz, C(4)H2), 2 77-2 31 (m, 5H. 
C(7)Ho, С(8)Н2 and С(2)Н2), 1 06 (s, 9Н, С(СН3)з). Anal Caled for C3iH34N202SSi С, 70 68. H. 6 51, Ν, 5 32, S, 
6 09 Found С, 69 52, H, 6 28, Ν, 5 15, S, 6 07 
4a and 22 An equimolar mixture of 20 and 21 (310 mg, 0 59 mmol) was dissolved in THF (5 mL) and n-Bu4NF (0 7 
mL of a IM solution in THF) was added After 1 h the volatiles were evaporated in vacuo and the residue was 
subjected to column chromatography (МеОН/СНС1з=5/95, v/v) affording 80 mg (49%) of 4a as a white solid Rf 0 39 
(МеОН/СНС1з/Н2О=5/95/0 2, v/v/v), HPLC (acetonitnle/water=l/l, v/v, flow=l mL/min , λ^280 nm), retention time 
(mm ) 1 5, α " =+94 9 (c=3 35, MeOH), CIMS(70eV), m// (relative intensity) 288 (IM]+, 24), 271 ([M-17]+, 3), 244 
(100), 169 ([C] ]H9N 2]+, 54), 'Η NMR (400 MH7, acetomtnle d3/methanol-da/CDCIi =2/2/1, v/v/v) δ 7 52 (d, IH, 
J=7 8 Hz, C(12)H), 7 45 (d, IH, J=8 0 Hz, C(9)H), 7 17 (t, IH, J=7 4 H?, C(10)H), 7 09 (t, IH, J=7 5 Hz, C(l 1)H), 4 96 
(d, 1 H, J=9 0 Hz, C( 13b)H), 4 89 (dd, 1 H, J= 12 9 Hz and J=5 1 Hz, C(7)H β), 4 18 (dl I H, J=9 0 Hz and J=3 3 Hz, 
C(l)H), 4 06(d, IH, J=12 8 Hz, C(4)H), 3 24 (d, IH, J=12 8 Hz, C(4)H), 3 03 (dd, IH, J=15 1 Hz and J=2 9 H?, 
C(2)H), 2 96 (dt, 2H, J=12 4 Hz and J=4 0 Hz, C(7)Ha), 2 88 (dd, J=15 3 Hz and J=3 9 Hz, C(8)H), 2 75 (dddd, IH, 
J=15 4 Hz, J=12 0 Hz, J=5 4 Hz and J=l 3 Hz, C(8)H), 1 3 C NMR (100 MHz, acelonilnle-d3/melhanol-
d4/CDCb=2/2/l, v/v/v) δ 169 47C(5). I38 00C(12a). 132 80C(l3a), 127 48C(8b), 122 85 C(ll). 120 20 C(10), 
119 19 C(9), 112 43 C(12), 109 59 C(8a), 70 98 C(13b). 58 48 C(l), 39 35 C(7), 37 25 C(4), 33 76 C(2), 21 95 C(8) 
together with 82 mg (49%) of 22 as a while solid Rf 0 15 (MeOH/CHCh/H2O=5/95/0 2, v/v/v), HPLC 
(acelonitnlc/waler=l/l, v/v, flow=l mL/min , λ=280 nm), retention time (mm ) 3 2, а^2=-44 6 (c=3 70, MeOH), 
CIMS(70eV). m/z (relative intensity) 288 ([M]+, 15), 244 (100), 169 ([C| |H 9 N 2 ) + , 54), Ή NMR (400 MHz) δ 8 15 
(br s, I H, indole-NH), 7 53 (d, 1 H, J=7 7, C( 12)H), 7 37 (d, 1 H, J=8 0 Hz, C(9)H), 7 15 (1, I H, J=7 5 Hz. C( 10)H). 7 08 
(l, IH, J=7 5 Hz, C(11)H), 5 13 (s. IH, С(ІЗЬ)На), 4 98 (ddd, IH, J=12 8 Hz, J=5 3 Hz and J=l 2 Hz. C(7)Hß), 4 42 
(brm, 1Н,С(1)На), 3 71 (d, IH, J=13 5 Hz, C(4)H), 3 37 (d, IH, J=13 5 Hz, C(4)H), 3 34 (dt, IH. J= 12 3 Hz and J=4 3 
Hz, C(7)Ha), 3 14 (dd, IH. J=14 5 Hz and J=4 1 Hz, C(2)H), 2 91 2 85 (m, 2H, C(8)H and C(2)H), 2 75 (dddd, IH, 
J=15 5 Hz, J=l 1 7 Hz, J=5 4 Hz and J=l 6 Hz, C(8)H), 2 42 (br s, IH, OH) 
23 To 4a (96 mg, 0 33 mmol), Zn(N3>2«2Py (77 mg, 0 25 mmol) and triphenylphosphine (175 mg, 0 67 mmol) 
dissolved in loluene/THF (7 mL of a 5/2, v/v, mixture) was added via a syringe over a period of 5 mm 
diisopropyla7odicarboxylatc (0 135 mL, 135 mg, 0 67 mmol) The reaction mixture was warmed to 50°C for 1 hour 
The volatiles were evaporated m vacuo and the residue was subjected column chromatography (ElOAc/hexanes=l/l, 
v/v) to give 83 mg (80%) of 23 as a white solid, Rf 0 45 (EtOAc/hexanes=4/l, v/v), a " =-7 8 (c=2 05, MeOH), CIMS 
(70eV), m/z (relative intensity) 314 ([M+l]+, 19), 313 ([M]+, 17), 285 ([M-N2]+, 98), 271 ([M N 3 ] + , 46), 144 
([C|oHioN]+. 23). 43 ((HN 3]+, 100), Ή NMR (90 MHz, methanol-d4/CDCl3=5/95, v/v) δ 7 59-7 02 (m, 4H, indole 
С(4)-С(7)Н4), 5 08 (d, IH. J=7 3 Hz. C(12b)H), 4 69-4 48 (m, IH, C(6)Hß), 3 78 (d, IH, J=I5 5 Hz, С(З)Н), 3 76 (d. 
2H, J=5 5 Hz, CH2N3), 3 60-2 87 (m, 4H, C(6)H, C(7)H2 and C(l)H). 3 17 (d, IH, J=15 5 Hz, C(3)H 
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Synthesis of an Isoquinoline 
Type Eudistomin Analog 
6.1 Introduction 
As an extension of our study about the antiviral and antitumor structure-activity relationship of 
the tetracyclic eudistomin series the tricyclic isoquinoline analog, lacking the 5-membcred pyrrole 
ring system, is a logical choice From structure-activity relationship studies of biological active 
compounds containing the indole ring system it is known that substitution of the indole moiety by a 
substituted phenyl group is an often allowed bioisostenc structural replacement ' Especially in the 
field of biologically active ß-carbohnes it is known that isoquinohnes behave often bioisostencally 
Moreover, the isoquinoline analog might be interesting as our preceding study revealed that 
substitution of the indole-N proton by a methyl group did not lead to a dramatic decrease in 
biological activity of eudistomins (see also chapter 9) 2 
As is pointed out in the introductory chapter, the intramolecular Pictct-Spengler (PS) 
condensation strategy is fully applicable in the synthesis of isoquinoline eudistomin analogs It is 
known that the PS condensation is less effective in the isoquinoline series than in the ß-carbolme 
senes3 The electron-rich pyrrole ring in indole is much more susceptible toward electrophilic 
species than an unsubstituted phenyl group Therefore in our approach the electron-rich 2-(3,4-
dimethoxyphenyl)-ethyl amine was used as a tryptamine isostere 
The build up of the tricyclic isoquinoline eudistomin skeleton was accomplished in an analogous 
manner as described in chapter 2 for the natural eudistomins from the N-Teoc or N-Aloc protected 
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SYNTHESIS OF AN ISOQUINOLINE TYPE EUDISTOMIN ANALOG 
6.2 Synthesis of Functionalized N-2-(3,4-
dimethoxyphenyl)ethyl-hydroxylamines 
For the synthesis of the unprecedented N-Tcoc or N-Aloc protected secondary hydroxylamines 
4a,b a modification of the method described by Miller and Maurer was used 4 In the original paper 
it was described that O-benzyl-N-Cbz-hydroxylamine gives efficient Mitsunobu reactions with 
primary alcohols, yielding only the N-alkylatcd products A drawback of this method is that 
hydrogenolysis is accompanied by reduction of the N-O bond In contrast, O-benzyl-N-Ac-
hydroxylamine only gave minor N-alkylation in the Mitsunobu reaction but during hydrogenolysis 
no reduction of the N-0 bond took place Therefore, it was reasoned that other carbamate type N-
protective groups (e g Teoc or Aloe) in combination with an compatible O-protective group {eg 
Allyl or tBDMS) which all can be removed under non-reductive conditions should give access to 
our target compounds 
scheme 6.2 
м е з а ^ 0 Л С 1 j? S i M e 
"NHs'HCI - ' fl ° 
iPr2btN, THF 
° O tBDMSO. A ^- ^ 
H2NOHEEHC1 
Et-,Ν, MeCN / H 2 0 
2) tBDMS-Cl, imidazole, DMF 
H 
7 
O-Allyl-N-Teoc-hydroxylamine 6 was synthesized from O-allylhydroxylaminc hydrochloride 
hydrate and Teoc-Cl in 98% yield O-tBDMS N-Aloc-hydroxylamine 7 was synthesized in two 
steps from hydroxylamine hydrochloride by treatment with Aloc-ONSu to give N-Aloc-
hydroxylamine followed by protection of the hydroxyl group by treatment with tert-
butyldimethylsilyl chloride to give 7 in overall 71% yield 
With the hydroxamates 6 and 7 efficient Mitsunobu reactions could indeed be accomplished 
(scheme 6 3) 
scheme 6.3 
M e O v ^ Y ^ N 6 or 7, DI AD M e O v ^ ^ ^ N Pd(0) Μ β Ο γ ^ 5 γ ^ \ 




 M e O ^ ^ R ^ O R 2 ~«* M e o " ^ Ri'%H 
9 R^Teoc.R^Allyl 4a R'=Teoc 
10 R^Aloc.R^tBDMS 4b R2=Aloc 
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Triphenylphosphine/diisopropyl azodicarboxylate mediated alkylation of 6 and 7 with 2-(3,4-
dimethoxyphenyl)elhanoI 8 afforded 9 and 10 in yields of 64% and 88%, respectively, after 
purification by column chromatography Deprotection of the hydroxyl groups in 9 and 10 by 
treatment with palladium(II)acetate/tnethylammonium formate or tetrabutylammonium fluoride, 
gave 4a,b in yields of 98% and 74%, respectively 
6.3 Nucleophilic Coupling of the N-functionalized 
Hydroxylamines with a Chloromethyl Sulfide. 
The nucleophilic coupling of the chloromethyl sulfide 5 with the sodium salts of the 
hydroxamates of 4a,b gave (crude) 12a and 12b in yields of 73% and 69%, respectively To avoid 
racemization the sodium alkoxides 4a,b were added at such a rate (ca 6 hours) that the pH of the 
reaction mixture remained near neutral as was previously described in chapter 2 
scheme 6.4 
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5 HNBoc 12a:P=Teoc 3 
12b P=Aloc 
i)NaH DME Nal и) 12a KF=2H2OM Bu4NCl 12b Pd(PPh3)4/morpholme 
Removal of the Teoc protective group in 12a was accomplished by treatment with ΚΡΞ2Η20/Π-
Bu4NCl/MeCN to give 3 in 98% yield Removal of the Aloe group in 12b by treatment with 
Pd(PPh3)4/morphohne was sluggish and 3 was isolated in only 35% yield Although the optical 
integrity was not determined after the above-described reaction steps, from previous work it may be 
assumed that no appreciable racemization had occurred 
6.4 Pictet-Spengler Cyclization 
The PS condensation was carried out as described in chapter 2 The aldehyde was generated m 
situ by DIBAL reduction of the methyl ester 3 at -75AC, immediately followed by addition of TFA 
to induce the PS condensation In contrast to the cyclizations in the ß-carboline series described in 
chapter 2, after warming to room temperature still starting material (aldehyde) was present in the 
reaction mixture (TLC) After additional stirring for 30 minutes at room temperature all starting 
material had been consumed Work-up and purification by column chromatography gave the two 
diastereomenc isoquinolines (13/14) in 60% yield in a 78/22 ratio As a consequence of the slow 
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cychzation reaction both 13 and 14 were obtained as near racemates It is likely that racemization 
can be avoided in future attempts by allowing the reaction to proceed at low temperature (-20AC) 
and prolonged reaction times 
Scheme 6.5 
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Comparison of the NMR and TLC data with the ß-carboline series showed that almost certain 
the desired cis diastereomer had been formed in excess In the cis diastereomer a smaller geminai 
(2J) coupling constant was observed for the thioacetal protons at C(4) (viz ca 9 Hz for the cis and 
ca 11 Hz for the trans diastereomer) Also the 5-values of the (Boc) t-butyl singlets in the cis/trans 
didstereomers ( ц at 1 24 and 1 47 ppm) correspond with the δ-values found for the Boc protected 
cis/trans natural and desthia carba eudistomins (viz at 1 17 and 1 52, see chapter 8) In the ß-
carboline series without exception the cis diastereomer was the low moving component on TLC 
This assignment was unambiguously proven by an X-ray crystal structure determination of 13 
(chart 6 1) 
chart 6.1 X-ray crystal structure of 13 
For clarity reasons the originally 
present C(l)-NBoc protective group 
has been replaced by a hydrogen atom 
The Boc-group was removed using the TMSCl/Nal method to generate TMSI in situ giving the 







In the isoquinoline series a reversal of diastereoselectivy has been found compared to the ß-
carboline series Great take great care should be taken in giving an explanation for these results The 
MG (at room temperature) between the two transition states leading to a 20/80 diastereomenc 
product ratio is 0 77 kcal/mol Thus at room temperature the energy difference between a 20/80 or 
80/20 diastereomenc ratio is only 1 54 kcal/mol 
It is interesting to note that in synthesis of yohimbine derivatives also a complete reversal of 
product formation was found for an intramolecular PS cyclization in the ß-carboline and 
isoquinoline series (scheme 6 7) 
scheme 6.7 MeO MeO 
HCO,H MeO 
нсо2н 
For the reversal of diastereoselectivity in these cyclizations no detailed explanation was given It 
was only stated that the matter of product formation in these cases reflects a delicate energy 
balance 
As is worked out in chapter 2 the main reason for trans diastereoselectivity in the ß-carbohne 
senes is hindered attack of the indole-β bond on the side of a cyclic iminium-ion where the (amino) 
substituent is present Consequently, the diastereomenc outcome of the reaction in the ß-carbohne 
series is determined in the beginning of the reaction sequence and is kinetically controlled Because 
the electronic and stenc nature of the dimethoxy phenyl group differs fundamentally from an indole 
moiety, the mechanistic conclusions drawn in chapter 2 for the ß-carbohne series are not applicable 
for the isoquinoline series To explain the reversal in diastereoselectivity in the isoquinoline series 
further investigations will be necessary 
6.5 Conclusions 
For the synthesis of the unknown N-protected 3,4-dimethoxyphenethyl hydroxylamines 4a,b a 
very effcient method was developed from commercialy available 2-(3,4-dimethoxypheny!)ethanol 
The hydroxyl groups in 4a,b were selectively alkylated with the chloromethyl sulfide 5, previously 
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described in chapter 2. The PS cyclization, very surprisingly, gave a 56% d.e. to the desired C(1)H-
C(12b)H cis diastereomer. The structure assignment was made by X-ray crystal structure 
determination. 
6.6 Experimental Part 
For general remarks see the experimental part of chapter 2. 
0-Allyl-/V-(2-trimethylsilylethyloxycarbonyl)-hydroxylamine (6): To O-allylhydroxylamine hydrochloride 
hydrate (1 9 g, 16 8 mmol) and Teoc-Cl (3 7 g, 20 5 mmol) dissolved in dry THF (15 mL) was added gradually 
dnsopropylelhylaminc (6.5 mL, 4 8 g, 37 5 mmol). After stimng of the reaction mixture for 6 h., EtOAc (50 mL) was 
added and the mixture was subsequently washed with 2 portions 10% citnc acid, sal NaHC0 3 and brine. After drying 
(MgSOij) and evaporation of the volatiles tn vacuo the residue was subjected to column chromatography 
(EtOAc/hexancs=l/4, v/v) to give 3.6 g (98%) of 6 as a colorless oil; Rf 0.50 (ElOAc/hexanes=I/4, v/v); EIMS(70eV), 
m/z (relative intensity) 174 (1М-С3Н7]+, 12), 73 ([C3H9Si]+, 100), 41 ([C3H5]+, 38); lH NMR (90 MH¿) δ 7 35 (br s, 
IH, NH), 6 20-5.74 (m, IH, H 2C=ffl), 5 41-5 19 (m, 2H, Б2£=СН), 4.37-4 12 (m, 4H, 2xOCH2), 1 08-0.89 (m, 2Н, 
SiCH2), 0.00 (s, 9H, Si(CH3)3) 
04tert-Butyldimethylsilyl)-W-(2-allyl]oxycarbonyl)-hydroxylamine (7) To hydroxylamine hydrochloride (2 0 g, 
28.8 mmol) and Aloc-ONSu (6.0 g, 30.2 mmol) dissolved in a mixture of acetonitrile/water (4/1, v/v, 25 mL) was added 
gradually tnethylamine (8 mL, 5.8 g, 58 mmol) causing a slightly exothermic reaction ( 15AC raise in temp.) After 
stirring for I h the reaction mixture was acidified with 10% aqueous citnc acid and then EtOAc (50 mL) was added. 
The organic layer was washed with another portion dil. citric acid and subsequently neutraleed (sat. NaHC03), washed 
with brine and dried (MgSC>4) The volatiles were evaporated m vacuo to give 2 54 g (75%) of the crude AZ-Aloc-
hydroxylamine, R f 0 10 (ElOAc/hexanes=l/2, v/v), ElMS(70eV), m/z (relative intensity) 117 ([M)+, 3). 41 ([C3H5)+, 
100), Ή NMR (90 MHz) δ 7.75 (br s, IH, ΗΝΟΗ), 6 13-5 70 (m, IH, H 2C=£H), 5 42-5 15 (m, 2H, H2C=CH), 4.61 
(dl, 2Н, J=6.0 Hz and J=1.4 Hz, OCH2)· This crude W-Aloc-hydroxylamine (1 4 g, 12 0 mmol) was dissolved in DMF 
(5 mL) together with /erf-bulyldimcthylsilyl chloride (I 8 g, 11.9 mmol) and imidazole (2 4 g, 35 mmol). After standing 
for 3 h., ElOAc (50 mL) was added and (he reaction mixture was extracted with 10% citnc acid, water, brine and dried 
(MgSC>4) The volatiles were evaporated in vacuo and the residue was subjected to column chromatography 
(EtOAc/hexanes =1/3, v/v) to give 2 6 g (94%) of 7 as a colorless oil; Rf 0 53 (EtOAc/hcxancs=l/2, v/v), EIMS(70eV), 
m/z (relative intensity) 174 ([M-C4H91+, 12), 130 ([C 6Hi 4SiO)+, 100), 41 ( [C 3 H 5 ] + , 97), Ή NMR (90 MHz) δ 7 00 
(br s, IH. NH), 6 15-5 72 (m, IH, Н 2С=£Ц), 5.53-5 15 (m, 2H, H2£=CH), 4.62 (dl, 2Н, J=5 6 Hz and J=l 3 Hz, 
OCH2), 0.94 (s, 9H, Si(CH3)3), 0.16 (s, 6H. S i i C H ^ ) 
¿V-[2-(trimethylsilyl)ethyloxycarbonyl]-/V-(allyloxy)-2-(3,4-dimethoxyphenyl)ethylamine (9 ) To 2-(3,4-
dimclhoxyphenyljethanol (1.0 g, 5.5 mmol), 6 (1.6 g, 7 1 mmol) and tnphcnylphosphine (1 87 g, 7 1 mmol) dissolved 
in dry THF (10 mL) was added gradually diisopropyl azodicarboxylate (1.40 mL, 1 44 g, 7 1 mmol) causing a slightly 
exothermic reaction After 1 h. the volatiles were evaporated in vacuo and the residue was subjected to column 
chromatography (EtOAc/hexanes=l/6, v/v) to yield 0 86 g (64%) of 9 as a colorless oil, Rf 0 30 (EtOAc/hcxanes=l/4, 
v/v), EIMS(70cV), m/z (relative intensity) 381 ([M]+, 6), 338 ([M-C3H7]+, 2), 151 ([C9H1102]+, 22), 73 ([C3H9Si]+, 
100). 41 ([C3H51+, 6); Ή NMR (90 MHz) δ 6.76 (s, 3Η, PhH3), 6 24-5 78 (m, IH, H 2 C=ffi), 5 44-5 19 (m, 2H, 
H2Ç=CH), 4.33 (d, 2H. J=5 9 Hz, NOCH2), 4 23-4.04 (m, 2H, OÇH2CH2Si), 3 84 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 
3 67 (dd, 2H, J=8 0 Hz and J=6 7 Hz, NCH2), 2.85 (dd, 2H, J=7.8 Hz and J=6.5 Hz, PhCH2), 1 04-0 86 (m. 2H, 
SiCH2), 0.00 (s, 9H, Si(CH3)3) together with 0.48 g of an impure fraction, contaminated with 6 Because the Rf values 
of ihc starting compound 6 and product 9 only differ slightly (1 e 0.36 and 0.30) purification by flash chromatography 
was difficult and it is therefore recommended not to use an excess of 6. 
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/V-(allyloxycarbonyl)->r-((«rl-butylciimethylsilyloxy)-2-(3,4-dimethoxyphenyl)ethylamine (10) The same 
procedure was followed as described for 9 using 2-(3,4-dimethoxyphenyl)elhanol (1 0 g, 5 5 mmol), 7 (1 6 g, 6 9 
mmol), triphenylphosphine (1 9 g, 7 3 mmol) and diisopropyl azodicarboxylate (1 44 mL, 1 4 g, 6 9 mmol) Work-up 
followed by purification by column chromatography (EtOAc/hexanes=l/5, v/v) afforded 1 91 g (88%) of 10 as a 
colorless oil, Rf 0 33 (EtOAc/hexanes=l/4, v/v), EIMS(70cV), m/z (relative intensity) 395 ([M]+, 1), 338 ([M-C4H9]+, 
46), 151 ([С 9 Нц02] + , 99 7), 115 ([C 6 H ] 5 Si] + , 7), 41 ([C3H5)+, 100), 'H NMR (90 MHz) 6 6 75 (m, 3H, PhH3\ 
6 07-5 65 (m, IH, СН2=Ш). 5 37-5 11 (m, 2H, СИ.2=СН), 4 51-4 42 (m, 2H, OCH2), 3 86 (s, 3H, OCH3), 3 84 (s, 3H, 
OCH3), 3 67 (dd, 2H, J=9 0 Hz and J=5 4 Hz, NCH2), 2 88 (dd, 2H, J=9 0 Hz and J=5 4 Hz, PhCH2), 0 98 (s, 9H, 
С(СНз)з),017(5,6Н,5і(СНз)г) 
rV-[2-(trímetbylsilyl)ethyloKy)carbonyl]-yV-hydroxy-2-(3,4-d¡methoxyphenyl)ethylamine (4a) То 9 (1 3 g, 3 4 
mmol) dissolved in acetonitrile/watcr (4/1, v/v, 25 mL) under an argon atmosphere was subsequently added 
tnethylammonium formate (4 4 g, 10 mmol), triphenylphosphine (40 mg, 0 15 mmol) and Pd(OAc)2 (11 mg, 0 05 
mmol) The reaction mixture was healed at reflux for 30 minutes Work-up was accomplished by the addition of EtOAc 
(50 mL) and subsequent washings with 3 portions of water and brine After drying (MgS04), the volatiles were 
evaporated in vacuo and the residue was subjected to column chromatography (EtOAc/hexanes=l/2, v/v) to give 1 14 g 
(98%) of 4a as a colorless oil, Rf 0 35 (ElOAc/hexanes=l/l, v/v), EIMS(70eV), m/z (relative intensity) 341 ([M]+, 0 5), 
151 ([C9H1102]+, 31), 73 ([C3H9Si]+, 100), Ή NMR (90 MHz) δ 7 21 (br s, IH, OH), 6 78-6 70 (m, ЗН, РЬНз), 4 19 
4 01 (m, 2Н, ОСН2), 3 85 (s, ЗН, ОСН3), 3 82 (s, ЗН, ОСН3), 3 71 (t, 2Н, J=6 8 Hz, NCH2), 2 87 (t, 2H, J=6 8 Hz, 
PhCH2), 0 99-0 80 (m, 2H, SiCH2), 0 00 (s, 9H. S i i O ^ b ) 
A'-(allyloxycarbonyl)-A,-hydroxy-2-(3,4-dimethoxyphenyl)ethylamine (4b) То 10 (1 9 g, 4 8 mmol) dissolved m 
THF (25 mL) was added tetrabutylammonium fluoride (5 mL of a IM solution in THF) The deprotcction was 
completed within 30 minutes Work-up was accomplished by removal of the volatiles ш vacuo followed by purification 
of the residue by column chromatography (EtOAc/hcxanes=l/2, v/v) to give 1 0 g (74%) of 4b as a colorless oil, Rf 
0 33 (EtOAc/hexanes=l/l, v/v), CIMS(70eV), m/z (relative intensity) 281 ([M]+, 64). 151 ( [ С 9 Н ц 0 2 ] + , 100), · Η 
NMR (90 ΜΗ?) δ 6 77-6 75 (m, ЗН, РЬНз). 6 04-5 62 (m, IH, CH2=ffl), 5 33-5 10 (m, 2H, CÜ2=CH), 4 54-4 46 (m, 
2Н, ОСН2), 3 84 (s, 6Н, 2хОСН3), 3 67 (t, 2Н, J=7 0, NCH2), 2 90 (t, 2Н, J=7 0 Hz, PhCH2) 
Methyl 2-(terr-butyloxycarbonylamino)-3-[yV-(alIyloxycarbonyl)-Ar-(2-(3.4-dbnethoxyphenyl)-ethyl)aminooxy-
methylsulfanyl]propionate (12b) This experiment was carried out under an argon atmosphere employing flame dried 
glass equipment To 4b (0 69 g, 2 46 mmol) dissolved in freshly distilled 1,2-dimethoxyelhane (10 ml), NaH (75 mg of 
a 60% oil dispersion, 2 46 mmol) was added and the suspension was stirred until a clear solution appeared (hydrogen 
gas evolved) This solution was added gradually (in ca 6 hours) to a stirred solution of 5, (1 0 g, 3 5 mmol) and Nal 
(0 55 g, 3 7 mmol) in freshly distilled 1,2-dimethoxyethane (50 mL) Work-up was accomplished by the addition of sat 
NH4CI (2 mL) followed by concentration of the suspension in vacuo The residue was dissolved in EtOAc and 
subsequently washed with water and brine The organic layer was dried (MgStXt) and the solvent was evaporated in 
vacuo to yield 0 87 g (69%) of crude 12b which was homogeneous by TLC, R
r
 0 21 (MeOH/CH2CI2 =1/99, v/v), 
ClMS(70eV), m/z (relative intensity) 529 ([M+l]+, 0 2), 151 ([С 9 Нп0 2 ] + , 58), 57 ([C4H9]+, 100), 41 ([C3H<iI+, 62) 
]H NMR (90 MHz) δ 6 77 (broadened s, 3H, PhH3), 6 10-5 69 (m, IH, CH2=ffl), 5 60 (br d, IH, J=8 1 Hz, NH), 5 39-
5 16 (m, 2H, Ш 2=СН), 4 91 (s, 2H, OCH2S), 4 64-4 42 (m, ЗН, ОСН.2-СН=СН2 and SCH2ffl), 3 88 (s, ЗН, OCH3) 
3 87 (s, ЗН, ОСНз), 3 77 (s, ЗН, С02СНз), 3 81-3 62 (m, 2Н, РЬСН2СЦ2), 3 21-2 82 (m, 4Н. Ph£H.2CH2 ani 
SCHACH), 1 43 (s, 9H, С(СНз)з) 
.Methyl 2-(tert-butyloxycarbonylainino)-3-[JV-(2-(3.4-diinethoxyphenyl)ethyl)aminoxymethyl-sulfanyl]-
propionate (3) From 12b To 12b (0 87 g, 1 7 mmol) dissolved in THF (15 mL) under an argon atmosphere was added 
morphohnc (0 44 mL, 0 44 g, 5 1 mmol) and Pd(PPh3)4 (25 mg, 0 02 mmol) After standing of the reaction mixture for 
2 days, work-up was accomplished by evaporation of the volatiles in vacuo followed by purification of the residue by 
column chromatography (EtOAc/hexanes=l/2, v/v) of the residue to yield 0 26 g (35%) of 3 as a colorless oil, Rf 0 40 
(EtOAc/hexanes=l/l, v/v), CIMS(70eV), m/z (relative intensity) 445 ([M+l]+, 6), 151 ([СоНпОг^, 58), 148 (100), 
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57 ([С4Н9І+, 85). Ή NMR (90 MHz) δ 6 78-6.72 (m, 3H, PhH3), 5.95 (bt d. IH, J=8.8 Hz, NH), 4.91-4.81 (AB. 2H, 
OCH2S), 3.89 (s, 3H, OCH3), 3 89 (s, 3H. OCH3). 3.78 (s, 3H, CO2CH3), 3.22-3 74 (m, 6H. PhCH2CH2 and 
SCHACH). 1.44 (s, 9H, С(СНз)з) 
From 4a For the alkylalion the same procedure was followed as described for 12b using 4a (0 99 g, 2.9 mmol), 5 (1.4 
g, 4 9 mmol), NaH (87 mg of a 80% suspension, 2.9 mmol) and Nal (0 7 g, 4 7 mmol). After work-up 1.24 g (73%) of 
crude 12a was obtained which was then dissolved in dry acetonitnle (25 ml.) To this solution tctrabutylammonium 
chloride (1.76 g, 6 3 mmol) and polassiumfluoride dihydrate (0 79 g, 8 4 mmol) were added and the resulting 
suspension was stirred at 50°C over night. Work-up was accomplished by evaporation of the volatiles in vacuo followed 




ajisoquinoline (13) and trans (rac)-l-(/ert-Butyloxycarbonylamino)-10,l l-dimethoxy-l,2,7,8,12b-pentahydro-
[l,6,2]oxBthiazepino-[2',3'4i]isoquinoline (14) To a cooled solution (-75°C) of 3 (830 mg, 1.93 mmol) in dry 
dichloromethane ( 150 mL) employing flame dried glass equipment under an argon atmosphere was added DIB AL (2 9 
mL of a IM solution in dichloromethane) at such rate that the temperature remained below -70°C. After stirring for 30 
minutes trifluoroacetic acid (1 mL) was added and the reaction mixture was allowed to warm to room temperature 
After standing for 30 mm. at room temperature all starting material had been consumed and the reaction mixture was 
successively washed with 10% citric acid, sat. №НСОз and brine After drying (MgSC>4) the volatiles were evaporated 
in vacuo and the residue was subjected to column chromatography (ElOAc/hexanes=l/4) to give 100 mg (13%) of 14 as 
a white solid; R f 031 (EtOAc/hexanes=l/2), CIMS(70cV), m/z (relative intensity) 395 ([M-l]+, 0.5), 341 (II), 207 
([СцН|зГОз1+, 100), 57 ( [C 4 H 9 1 + . 24), Ή NMR (400 MHz) δ 7.27 (br s, IH, C(12)H), 6 54 (s, IH, C(9)H), 5 93 (br 
d, IH.J=9 9Hz. NH). 5.15(ЬгАВ. IH. J A B=I09 H7.C(4)Hct), 4.76(AB. IH, JAB=l0.9H7,C(4)Hß), 4 58 (br s, IH, 
C(l)Ha), 401 (s, IH, C(l2b)Hß), 3.90 (s, ЗН, ОСН 3). 3.86 (s. ЗН, ОСН 3), 3 60 (very br s, IH, С(7)На), 3 43 (br s, 
1Н,С(2)На), 3 09-2.90 (m, 2H.C(7)Hß and С(8)На), 2 73 (dd, IH, J=5 I HzandJ=14.l Hz, C(8)Hβ), 2.62 (d, IH, 
J=I5 3 Hz, C(2)Hß), 1.47 (s, 9H. С(СН
э
)з), I 3 C NMR (100 MHz. the marked atoms may be interchanged) δ 154.90 
(C=0), 147 70 C(l 1) and C(10), 127.73 C(l2a#). 125 88 C(8a*), 110 39 C(12~), 110 39 C(9~), 79 46 £(СН 3)з. 74.49 
C(12b) and C(4), 56 03 OCH3, 56.2 C(l), 55.81 OCH3. 53.28 C(7), 33.90 C(2), 29 25 C(8). 28 39 C(£H3)3 and 360 
mg (47%) of 13 as colorless crystals. Recrystallized from EtOAc/hcxancs (mp=173-177°C); Rf 0 21 
(EtOAc/hexanes=l/2). а^2=+13.0 (c=2.30. СН2СІ2/МеОН=1/1, v/v, near racemale). CIMS(70eV). m/z (relative 
intensity) 397 ([M+l] + . 0 7). 207 ([C11H13NO3V-. 100), 57 ( [ C 4 H 9 ] + , 15), Ή NMR (400 MHz, to sharpen up the 
broadened spectrum recorded at 46°C) δ 6.75 (s, IH, C(12)H), 6.53 (s, IH, C(9)H), 5 23 (br d, IH, J=8.l Hz, NH), 4 91 
and 4.79 (AB, 2H, J A B = 9 1 HZ, OCH2S), 4.63 (br m. IH, H(l)a), 4 16 (br s. IH. H(l2b)ß), 3.86 (s, ЗН, OCH 3), 3.82 
(s, ЗН, ОСНз), 3 46-3 38 (m, IH, H(7)ß), 3.25 (d, IH, J=14.5 Hz, Н(2)а), 3 06-2 95 (m, 2H, Н(7)а and H(8)ß), 2.85 
(dd, IH, J=14 5 Hz and J=6 I Hz, H(2)ß), 2 68-2 58 (m, IH. Н(8)а), 1 24 (s, 9H, С(СНз)з), 1 3 С NMR (100 MHz, the 
marked atoms may be interchanged) δ 155.30 (C=0), 147 57 C(l I *). 147 44 C(I0*), 126 42 C(l2a*), 125 39 C(8a*). 
110.37 C(I2"), 109 97 C(9~), 78.98 С(СН3)з, 71.33 C(12b) and C(4), 55.84 2xOCH3, 53 40 C(7), 50 69 C(l), 33.08 
C(2), 29 28 C(8), 28 17 С(С_Нз)з, Anal Caled for С i9H2gN2C>5S· C, 57 56; H, 7.12; N, 7.07. S, 8 09 Found; C, 57.52; 
H, 6 94, N, 6.81; S, 7 66 
cis (rac)-l-amino-10,ll-dimethoxy-l,2,7,8,12b-pentahydro[l,6,2]-oxathiazepino-[2'3'-a]isoquinoline (1) To a 
stirred solution of 13 (300 mg, 0 76 mmol) in dry acetonitnle (50 mL) Nal (227 mg, 1.51 mmol) and 
chlorolrimclhylsilanc (0 19 mL, 164 mg, 1.51 mmol) were added After stirring for 4 hours all starting material had 
been consumed and Inethylaminc (0.5 mL) was added The volatiles were evaporated in vacuo and the residue was 
subjected to column chromatography (MeOH/CH2CI2=2/98, v/v) to yield 183 mg (81%) of 1 as a while solid as a near 
racemale, mp=100-l02°C, Rf 0.21 (McOH/CH2CI2=5/95, v/v), CIMS(70eV). m/z (relative intensity) 297 ([M+l] + . 
11), 280([M-NH2]+,6), 207([C|iH|3NO 3 ] + , 100); Ή NMR (400 MHz) δ 6.61 (s, IH, PhH), 6.59 (s. IH, PhH),4.9I 
and 4.82 (AB, 2H, J
 А
в = 9 2 Hz, OCH2S), 4 15 (d, IH, J=2.l Hz, Н(12Ь)а), 3.86 (s, ЗН, OCH3), 3.84 (s, ЗН, ОСЩ\ 
3 51-3 43 (m, 2Н, H(l)0 and Η(7)β), 3 33 (d. IH. 1=14.4 Hz, Η(2)α), 3 05-2 95 (m, 2Н, Н(7)а and Η(8)β), 2 87 (dd. 
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IH, J=14 4 Hz and J=6 2 Hz, H(2)ß), 2 68-2 58 (m, IH, Η(8)α), 1 3 C NMR (100 MHz, the marked atoms may be 
interchanged) δ 147 97 C(l 1 *), 147 62C(10*), 127 99 C(12a#), 126 23 C(8a#), 110 87 0(12"), 108 84 C(9~), 72 57 
C(12b), 72 12 C(4), 55 96 (OCH3), 55 79 (OCH3), 52 83 C(7), 52 55 C(l), 35 04 C(2), 29 28 C(8). Anal Caled for 
C14H20N2O3S C, 56 73, H, 6 80, N, 9 45, S, 10 82 Found C, 56 05, H, 6 47, N. 9 12, S, 10 40 
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An Approach to the Canthine series 
Using the Intramolecular Pictet-
Spengler Condensation. 
7.1 Introduction 
For ring closures in the ß-carbohne senes by means of the intramolecular Pictet-Spengler (PS) 
condensation three different target structures can be considered, which all are related to naturally 
occurring indole alkoloids. 
Canthine series Vincamine series 
U I I 






 f нсо ' ^ Тнсо 
The intramolecular PS approach in the synthesis of compounds containing the corynanlhe-type 
skeleton has been extensively applied ' The similar strategy toward the vincamine-type skeleton, 
giving the CDE ring systems simultaneously, is unknown. Build up of the vincamine-type skeleton 
via a corynanthe-type skeleton using the intramolecular PS strategy followed by closure of the D ring 
however is known 2 Closure of the D-nng, as illustrated in scheme 7 1, in the canthine-sencs using 
the intramolecular PS strategy is hitherto completely unknown. 
Access to the canthine series by closing the CD ring simultaneously has recently be accomplished 





JL ^ ^ ^ N I n= 1,2 (n=0 only trace)ì 
Closure of the D-ring in ß-carboline skeletons has been accomplished on the indole nitrogen both 





TO X = CH2C1, Y = Η,Η, η = 1,2 
Χ = C02Me, Y = Ο, η = 1,2 
In this chapter access to the canthine-senes using the intramolecular PS condensation will be 
described This approach is hitherto unknown and therefore, a more detailed study of the use ot this 
new strategy is desirable In addition to the synthetic utility interesting mechanistic aspects are also 
connected to this approach 
Since the late sixties the discussion has continued whether product formation in the PS takes place 
via electrophihc attack at the indole 3- or 2-position In chapter 2 this topic was treated extensively 
The intermediate spiro compounds, the result of attack at the indole 3-position, have been isolated and 
characterized Although the spiro intermediate in the PS condensation was isolated and succesfully 
transformed into the ß-carboline, product formation via direct attack at the indole 2-position still 
cannot be excluded 7 The argument that attack at the indole 2-position competes with attack at the 3-
position was recently considered by Nakagawa , Cook and our group (see chapter 2) Nakagawa 
drew attention to the fact that the empirical Baldwin rules for ring closure show that only the process 
via the spiro intermediate involves the disfavored 5-endo-tng pathway 
The intramolecular PS condensation in the synthesis of the canthine skeleton in particular may 
prove evidence for direct electrophilic attack at the indole 2-position From scheme 7 4 it is clear that 
for n=2 canthine formation is unlikely because the formation of the intermediate iminium-ion will be 
difficult as it will involve a highly strained 9-membered ring Therefore, for n=2 only oligomenc 
compounds may be expected rather than intramolecular PS cychzations When canthine formation 
would occur for n=3 this would be a strong indication for a PS reaction via a direct attack at the indole 
2 position, since product formation via attack at the indole 3-position is highly unfavorable due to the 
formation of a spiro intermediate with a 7-membered ring system containing a trans double bond' 
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N ^ ( C H 2 ) n u 
CgO- -*- OX¡* 
I (CH2)n I (CH2)n 
As indicated in scheme 7.5, in this study the chain length η was varied from 2-4. In chapter 5, it 
was described that the nature of the intermediate iminium ion in the PS condensation particulary 
dictates the efficiency of the reaction. Therefore, besides Nb-allyloxy cyclization studies were also 
performed with Nb-formyl and Nb-benzyl tryptamines with n=3 (see scheme 7.5). The aldehydes 
used in the PS reactions were generated by in situ hydrolysis of the corresponding dialkyl acetáis 9a-
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2: P=Teoc, R=OAllyl 
3: P=H, R=formyl 
4: P=H, R=benzoyl 
+
 OEt 










-alkylation of the tryptamine derivative 2" with the alkyl bromides 5-7 was accomplished 
under mild phase transfer conditions, using concentrated NaOH/toluene/n-Bu4NBr at elevated 
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temperature (40°C) to give 8a,b,e in 73-93% yield (scheme 7.6).12 For N
a
-alkylation of the 
tryptamines 3 and 4 the powdered KOH/DMSO method was used to give 8c in 65% yield (the crude 
yield of 8d was not determined). This method gave concomitant removal of the Teoc group.13 
Deprotection of the Teoc group of 8a,b,с was accomplished by treatment with 
tetrabutylammonium fluoride in THF to give 9a,b,e in 73-99% yield. Reduction of the benzoyl 










2: P=Teoc, R=OAllyl 
3: P=H, R=formyl 

































" P=Teoc in 8a.b.e; P=H in 8c.d " R=ben/.oyl 
i) n-Bu4NBr. 50% aq.NaOH, toluene. 40°C; ii) powdered KOH, DMSO. RT; Hi) n-Bu4NF. THF; iv) LiAlH4, THF 
7.3 Cyclization Reactions 
Cyclizations with Nfc-allyloxy tryptamines: 
The initial cyclization experiments were carried out with 9b (i.e. n=3) which would give the 
canthine skeleton. The intramolecular PS approach to the corynanthe series gave the best results by 
treatment of the acetáis with trifluoroacetic acid in dichloromethane producing cyclized products in 
>90% yield. lb Application of this method to 9b indeed gave the target canthine l b , although in a 
disappointing yield of 27%. TLC analysis showed, besides lb , the presence of several, unidentified, 
side products. In chapter 2 it was described that addition of water to the reaction mixture, which 
facilitates in situ formation of the more reactive aldehyde, may improve the cyclization yield. Indeed 
stirring of 9b in the medium trifluoroacetic acid/water/chloroform (1/1/98, v/v/v) gave in a clean 
reaction of only 30 min. l b in 81 % isolated yield. In contrast, under anhydrous conditions stirring 
for 2 days was necessary to convert all starting material. 
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Scheme 7.7 







(ÜD 6 ib 
Besides the efficiency of this approach to the canthine series it is also demonstrated that indeed 
direct attack of the indole 2-position at the intermediate iminium ion is a possible pathway in the PS 
condensation, even under mild conditions (see also paragraph 2.6). 
The cyclization experiments with 9a and 9e (i.e. with n=l and n=3, respectively) were also 
carried out under these optimized aqueous conditions (see schemes 7.8 and 7.9, respectively). As 
was expected 9a failed to give the monomeric canthine skeleton. In only 24% yield dimer 11 was 
isolated in combination with 50% of a mixture of compounds. This mixture was again subjected to 
flash column chromatography to yield compounds which had more or less the same NMR spectra. 
Compared with the NMR spectrum of the pure dimeric compound the signals were at the same δ 
values but broadened. Fast atom bombardment mass spectroscopy (FABMS) showed that these 






Although the cyclization of 9a was performed at rather high dilution (0.01M) it is likely that the 
yield of dimer 11 may be improved by applying a higher dilution. This is suggested by the fact that 
by increasing the dilution from 0.02M—>0.01M the yield of the dimer 11 improved from 15%—»24%. 
It is not known to which of the two theoretically possible diastereomic forms, i.e. the meso or d,I-
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pair, the isolated dimer 11 belongs, or if 11 is a mixture of both For pentamer 14, the combination 
of NMR and FABMS spectroscopy suggested that at least two diaslereomers had been formed 
Cychzation reaction with 9e gave, unexpectedly, a complex mixture of products (oligomers) 
which could not be separated and identified (scheme 7 9) The reason for this failure is most probably 
the involvement of the disfavored intermediate 11-membered ring ïminium ion 15 
Scheme 7.9 




Cychzation reactions of the N¡i-formyl- and Nh-benzyltryptamines 8c and 9d 
From the literature and our work it is known that the nature of the intermediate iminium ion is 
very important for the outcome of the PS reaction In chapter 5 the influence of Nb substituents on the 
PS reaction has been discussed in detail From this discussion it may be concluded that the high 
reactivity of an iminium ion can be cancelled out by the low rate of its formation due to the low 
nucleophilicity of the Nb nitrogen atom It was found that in particular alkoxyamines are versatile 
amines in the PS condensation because the high nucleophilicity is accompanied by a high 
electrophihcity of the corresponding imtnium ions, both of these effects being exerted by the alkoxy 
substituent 
To compare the utility of Nb-alkoxy tryptamines with Nb-formyl- and Nb-benzyltryptamines, 
which are known rate enhancing Nb-substituents in the PS condensation,15 cyclizations were carried 
out with 8c and 9d 
Both 8c and 9d gave a clean cychzation reaction under the standard TFA/H2O/CHCI4 conditions 
and all starting material had been consumed within 30 minutes Visualization of the TLC-spots of the 
products, however, showed an intense fluorescence at 365 nm which indicates the presence of some 
extra conjugation to the aromatic indole system Indeed, NMR spectroscopy revealed that a side 
reaction had occurred Instead of the Nh amine, the indole 2-position had directly attacked the 
electrophilic aldehyde species, followed by an elimination giving the 3,4-dihydro pynmidino[ 1,2-
ajmdoles 16c and 16d, in quantitative yields (scheme 7 10) '6 
Scheme 7.10 
Ceo TFA/H20 IT H N R CHC.3 
OEt 
OEt 
8c R = CHO 16cR = CHO 
9 d R = CH2Ph 16dR = CH2Ph 
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The failure of 8c to give the canthine skeleton can be attributed to the low nucleophilicity of the 
formylated nitrogen atom. Although the benzylated amine in 9d is highly nucleophilic it is also 
strongly basic (see table 5.1 in chapter 5) implying that under these acidic conditions the amine is 
predominantly present in its nonnucleophilic protonated form. The observation that the cyclizations to 
the 3,4-dihydro pyrimidino[l,2-alindoles 16c,d proceeded with rates comparable with the cyclization 
to the canthine lb underscores the high reactivity of the indole 2-position. 
With these findings the statement previously made in chapter 5, i.e. that Nb-alkoxytryptamines 
ions are the most versatile substrates in the PS condensation, is reconfirmed. 
To study the intramolecular cyclization reaction with aldehydes at the indole 2-position for 
different ring sizes this reaction was also performed with the Nb-Teoc protected tryptamines 8a,b and 
8e. Both 8b and 8e gave a smooth cyclization reaction to give 16b and 16e, respectively, in 
quantitative yields (scheme 7.11).17 8a failed to give the cyclization reaction. After stirring the 
reaction mixture for 16 hours the aldehyde 18 could be isolated in 43% yield together with 14% 
recovered starting material 8a. Although no further attempts have been made to achieve cyclization of 
18 it may be expected that stronger acidic conditions will lead to the desired cyclization.18 
Scheme 7.11 
-^ CpQO 
(CH2)n ^ . , J / ~~ ( C H ^ y 
HC(OEt)2 
8b:n = 3 16hn = 3 17hn = 3 
8en = 4 16en = 4 17en = 4 
CQÛO TFA/H20 
The Nb-Teoc protective groups in 16b,e were removed by treatment with tetrabutylammonium 
fluoride in THF to give 17b,e in 75% and 72% yield. Subsequent treatment of 17b with 
TFA/H2O/CHCI3 did not give any formation of canthine lb, proving that indeed canthine formation 





-(4-butanal diethyl acetal)-Nb-allyloxytryptamine 9b with TFA/H2O in chloroform 
gave the hexahydro canthine derivative lb in 81 % yield. This result demonstrates that PS cychzation 
can indeed occur by direct attack of the indole 2-position at the intermediate iminium ion. With N
a
-
propanal chains, only dimeric and oligomeric compounds could be isolated. With the N
a
-pentanal 
chain (unidentified) oligomeric compounds were also formed. The monomeric canthine-likc product 
could not be detected, probably because its formation has to proceed via a disfavored intermediate 
cyclic iminium ion. 
Cyclization of N
a
-butanal functionalized Nb-formyl- or Nb-benzyltryptamines 8c and 9d, which 
are known rate enhancing substituents in the PS condensation, unexpectedly gave the 3,4-dihydro 
pyrimidino[l,2-a]mdoles 16c,d. The products 16c,d were formed by a direct clectrophilic attack of 
the protonated aldehydes on the indole 2-position, thus emphasizing the reactivity of the indole 2-
position. The poor nucleophilicity of the corresponding Nb-atoms in 8c and in the protonated form of 
9d is responsible for the inability to afford the canthine skeleton. 
In summary, the intramolecular PS condensation to the canthine series is only possible with Nb~ 
alkoxy tryptamines due to their highly nucleophilic Nb nitrogen atom 
7.5 Experimental Part 
For general remarks see the experimental part of chapter 2. 
0-Allyl-N-[2-[l-(3,3-diethoxy-propyl)-1tf-indol-3-yl]-ethyl]-N-[(2-(triinethylsilyl)ethoxy)-
carbonylj-hydroxylamine (8a) To 2 (3 0 g, 8 3 mmol), dissolved in a mixture of cone NaOH (24 mL of a 50% 
(by weight) solution in water) and toluene (100 mL) was added 3-bromopropionaldchydc dimcthoxyacelat (2 0 g, 10 9 
mmol) and iclrabutylammonium bromide (280 mg, 0 87 mmol) The resulting suspension was stirred vigorously at 
40°C for !2 hours. The reaction mixture was diluted with ElOAc and water The organic layer was washed with sat 
NH4CI and dried (MgSC>4) The volatiles were evaporated in vacuo and the residue was subjected to column 
chromatography (EtOAc/hexancs=l/3, v/v) to afford 2 8 g (73%) of 2 as a colorless oil, R f 0 26 (EtOAc/hexanes= IЛ. 
v/v), CIMS(70eV), m/z (relative intensity) 462 ([M]+, 14). 232 ( [C |4Hi 8 N0 2 l + . 35). 73 ([5і(СН3)31+, 17), 49 (100), 
Ή NMR (90 MHz) δ 7 64-7 56 (m, IH, indole C(7)H), 7 36-7 00 (m, 3H, indole С(4)-С(6)Нз), 6 92 (s, IH, indole 
C(2)H), 6.24-5 81 (m, IH. H ?C=CH-CH ?). 5 40-5.20 (m, 2Н, Н.2С=СН-СН2), 4.40-4 00 (m, 7Н, Н?С=СН-СН2. 
indole NCH2, 0£H_2
C H2S l a n d £ШОМе) 2 ), 3 78 (I, 2H, J=8.0 Hz, indole СП\СН2СН^. 3 28 (s, 6H. 2хОСН3), 
3,06 (t, 2Н, J=8 0 Hz, indole С(3)£Н.2СН2), 2 08 (q, 2Н, J=6 4 Hz. indole NCH 2CH 2CH). 0 99-0 80 (m. 2H, 
оснгШг^). ооо (s, 9 Η · SI(CH3)3) 
0-Allyl-N-[2-[l-(4,4-diethoxy-butyl)-lH-indol-3-yl]-ethyl]-N-[(2-(trimethylsilyl)ethoxy)-
carbonyl]-hydroxylamine (8b)' The same procedure was followed as described for 8a using 2 (1.0 g, 2 8 mmol), 
cone NaOH (8 mL), toluene (35 mL), 4-bromo-l.l-diethoxybutane19 6 (2 0 g, 8 9 mmol) and n-Bu4NBr (92 mg. 0 29 
mmol) Work-up followed by purification by column chromatography (btOAc/hexanes=l/4, v/v) gave 1 3 g (93%) of 
8b as a colorless oil, R f 0.54 (ElOAc/hexanes=l/2, v/v). CIMS(70cV), m/z (relative intensity) 504 ([M]+, 58), 458 
([M-l-C2H5OJ+, 8), 274 ( [ C i 7 H 2 4 N 0 2 ] + . 100). 103 ([HC(OEt)2]+, 8), 73 ([Si(CH 3 h] + . 59). 49 (100). Ή NMR 
(100 MHz) δ 7 63-7.54 (m, IH, indole C(7)H), 7 33-6.97 (m, 3H. indole C(4)-C(6)H3), 6 90 (s, IH, indole C(2)H), 
6 20-5.80 (m, IH, Н 2 С=£Ц-СН 2 ) , 5.38-5.20 (m, 2H, H2£=CH-CH2), 4 46-4 32 (m, ЗН, Н 2С=СН-£Н2 and 
CH(OEt) 2 ), 4.17-3 99 (m, 2H, O C ^ C H ^ S i ) . 3.81-3 30 (m, 8H, indole C(3)CH?CH?. indole NCH 2 and 
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2хОШ2СНз), 3.11-2.96 (m, 2H, indole C(3)ÇH.2CH2), 2.00-1.47 (m, 4Н, indole NCH2CH2£Ü2CH), 1 15 (t, 6H, 
J=7 0 Hz, 2ХОСН2Щ1), 0 97-0 79 (m, 2H, О С Н г С ^ О , 0.00 (s, 9H, Si(CH3)3) 
N-[2-[l-(4.4-diethoxy-butyl)-lW-indol-3-yl]-ethyl]-formamide (8c): То Nh-formyl tryptamine 3 2 0 
(1 0 g, 5.3 mmol) dissolved in dimethyl sulfoxide (20 ml.) was added 4-bromo-l,l-dielhoxybutanc 6 (1.2 g, 6.6 mmol) 
and powdered KOH (590 mg, 10.5 mmol). The reaction mixture was stirred vigorously for 1,5 hours at room 
temperature. Water (50 mL) and EtOAc (100 mL) were added and the organic layer was subsequently washed with 5 
portions of water (50 mL) and brine. After drying (MgSC>4) the volatiles were evaporated m vacuo and the residue was 
subjected to column chromatography (MeOH/CH2CI2=5/95, v/v) to give 1 0 g (57%) of 8c as a colorless oil; Rf 0.48 
(MeOH/CH2CI2=l/9, v/v); Ή NMR (90 MHz) 5 8 11 (br s, IH. HCO), 7.65-7.50 (m. IH. indole С(7)Н), 7.41-7 00 
(m, 3H, indole С(4)-С(6)Н3), 6.96 (s, IH. indole C(2)H), 5.72 (very br s, IH, NH), 4.38 (t. IH. J=5 5 Hz, HC(OBl)2). 
4 12 (t. 2H, J=7.0 Hz, indole NCH2), 3 80-3 26 (m, 6H, indole С(ЗХГН2£И2 a n d 2xO£H.2CH3), 2 98 (I, 2H, J=6 6 
Hz, indole С(3)ШгСН2), 2 09-1 50 (m, 4H, indole NCH?CH2CH7CHÌ. 1.18 (t, 6H, J=7.3 Hz, 2хОСНг£Из.) 
N-[2-[l-(4.4-diethoxy-butyl)-lH-indol-3-yl]-ethyl]-bcnzamide (8d)' For the alkylation the same 
procedure was followed as described for 8c using Nb-benzoyl Iryptaminc 4 2 1 (1.0 g, 3.8 mmol), dimethyl sulfoxide (15 
mL), 4-bromo-l,l-diethoxybutane 6 (1.0 g, 5.6 mmol) and powdered KOH (320 mg, 5.7 mmol). After stirring of the 
reaction mixture for 3 hours followed by work-up, crude 8d (yield not determined; 8d was immediately subjected to 
L1AIH4 reduction to 9d) was obtained as a colorless oil, Rf 0.42 (ElOAc/hexanes=l/l, ν/ν); Ή NMR (90 MHz) δ 
7.65-7 50 (m, 3Η, indole С(7)Н and PhH2), 7.39-7.00 (m, 6H, indole С(4)-С(6)Н3 and PhH3), 6.91 (s. IH. indole 
C(2)H), 6 2 (very br s, IH, NH), 4.46 (t, IH, J=6.3 Hz, CH(OEt)2), 4.06 (t, 2H, J=7.0 Hz, indole NCH2), 3.85-3.28 
(m, 6H, indole С(3)СН 2 £Н 2 and 2хО£Н.гСН3), 3 04 (ι, 2H, J=6 3 Hz, indole C(3)£Ü2CH2), 2.00-1.47 (m, 4H, 
indole NCH2£H2CH2CH), 1.20 (t, 6H, J=7.2 Hz, гхОСНгШз) 
0-Ally1-N-[2-[l-(S,5-diethoxy-pentyl)-lH-indol-3-yl]-ethyl]-N-[(2-(trimethylsilyl)ethoxy)-
carbonyl]-hydroxylamine (8e). For (he alkylation the same procedure was followed as described for 8a using 2 
(1 0 g, 2.8 mmol), cone NaOH (8 mL), toluene (35 mL), 5-bromo-l,l-diethoxypcnlane22 7 (2 6 g, 10 9 mmol) and n-
Bu4NBr (92 mg, 0.29 mmol) Work-up followed by purification by column chromatography (EtOAc/hcxanes=l/4, v/v) 
afforded 1.3 g (90%) of 8e as a colorless oil; Rf 0 49 (ElOAc/hexancs=l/2. v/v), ClMS(70eV), m/z (relative intensity) 
518 ([M]+. 66), 288 ( [ C | g H 2 6 N 0 2 ) + , 100), 103 ([HC(OEl)2]+, 15), 73 ([Si(CH 3) 3l+, 67), 41 ( [C 3 H 5 ] + , 28); Ή 
NMR (90 MHz) δ 7 65-7.54 (m, IH, indole C(7)H), 7 34-6.97 (m, 3H, indole C(4)-C(6)H3), 6.91 (s, IH, indole 
C(2)H), 6.24-5.80 (m. IH. Н 2 С=Ш-СН 2 ) . 5.40-5.18 (m, 2H, Нг^СН-СНг) . 4.48-4.31 (m, 2Н, Н 2С=СН-Ш2), 
4.42 (t, IH, J=5 4 Hz, CH(OF.t)2), 4.20-3 97 (m, 4H, 0£H2CH2S¡ and indole NCH2). 3 86-3.33 (m, 6H, indole 
Cf3)CH ?CH2 and 2хО£Н.2 С Н Э)· 3 13-2.96 (m. 2H. indole С(3)£Я2СН 2 ) , 1.99-1.11 (m, 6H, indole 
NCH2(CH2)3CH), 1.16 (t, 6H, J=7 1 Hz, 2xOCH2CHi). 0.98-0.78 (m, 2H, O C ^ C ^ S i ) . 0.00 (s, 9H, Si(CH3)3) 
0-Allyl-N-[2-[l-(3,3-diethoxy-propyl)-l//-indol-3-yl]-ethyl]-hydroxylamine (9a) To 8a (1.4 mg, 
3 0 mmol) dissolved in THF (50 mL) was added tctrabutylammonium fluoride (4 5 mL of a IM solution in THF). After 
30 min all starling material had been consumed. The volatiles were evaporated ¡n vacuo and the residue was subjected to 
column chromatography (ElOAc/hexanes/El3N=24.5/75/0 5, v/v/v) to yield 0 7 g (73%) of 9a as a colorless oil; Rf 
0.11 (ElOAc/hexanes=l/3, v/v); CIMS(70cV), m/z (relative intensity) 318 ([M]+, 41), 233 ([Ci4H|9N02]+ , 75), 232 
([C14Hi(iN02]+, 60), 144 ((C|oH|0N]+ . 100), 75 ([C3H702]+ , 11), 41 ([C3H5]+ , 16); Ή NMR (90 MHz) δ 7.64-
7 54 (m, IH, indole C(7)H), 7.39-6 99 (m, 3H, indole C(4)-C(6)H), 6.93 (s, IH, indole C(2)H), 6.20-5 77 (m, IH, 
H2C=ÇH-CH2), 5 40 (very br s, IH, NH), 5 36-5.12 (m, 2H, H.2£=CH-CH2), 4 32-4.07 (m, 5H, H2C=CH-£H.2. 
indole NCH2 and CH(OMc)2), 3.29 (s, 6H. 2xOCH3), 3 23-2 91 (m, 4H, indole C(3)CH2CH2), 2 09 (q, J=6 5 Hz, 
indole-N-CH?CH2CH) 
0-Al ly l -N-[2-[ l - (4 ,4-diethoxy-butyl ) - lH-indol-3-yl ] -ethyl ) -hydroxylamine (9b). For the 
deproteclion the same method was used as descibed for 9a using 8b (1.5 g. 3.0 mmol) and BU4NF (5 mL of a IM 
solution in THF). Work-up and purification by column chromatography (EtOAc/hexancs/Et3N=24 5/75/0.5, v/v/v) 
afforded I 07 g (99%) of 9b as a colorless oil; Rf 0 26 (ElOAc/hexanes=l/2, v/v); CIMS(70eV), m/z (relative intensity) 
360 ([M]+. 16), 314 ([M-1-C2H50]+ , 2), 274 ( [ 0 | 7 Η 2 4 Ν 0 2 Γ . 82), 183 ( [ C | 3 H | 3 N ] + , 100). 103 (|HC(OEl)2]+. 
14). Ή NMR (90 MHz) δ 7 66-7.54 (m. IH. indole C(7)H). 7.38-7.04 (m, 3H, indole C(4)-C(6)H3), 6.94 (s. IH, 
indole C(2)H), 6.20-5.77 (m, IH, Н2С=£Ц-СН2), 5.6 (very br s. IH, NH), 5 39-5.10 (m, 2H. Ü2£=CH-CH2), 4 43 
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(l, IH, J=5 3 Hz, C_H(OEt)2). 4 26-4 03 (m, 4H, indole NCH2 and H2C=CH-CH2), 3 78-2 89 (m, 8H, indole 
C(3)CH2CH2 and 2xOCH.2CH3), 2 08-1 49 (m, 4H, indole N C t y C ^ C ^ C H ) . I 17 (l, 6H, J=7 1 H/, гхОСНгЕЩ) 
N-benzyl-2-[l-(4,4-diethoxy-butyl)-lif-iiidol-3-yI]-ethylamine (9d) Crude 8d (ca 3 6 mmol) was 
dissolved in dry THb and L1AIH4 (0 43 g, 113 mmol) was added The reaction mixture was heated at reflux for 8 
hours The reaction mixture was cooled (0°C) and dil NaOH (2 mL of a IM solution) was added cautiously The 
resulting suspension was filtered over hyflo The residue was subsequently washed with ElOAc (100 mL) and sal 
NH4CI The combined filtrates were dried (MgSCXj) and the volatiles were evaporated m vacuo The residue was 
subjected to column chromatography (ElOAc/hexanes/El3N=49 5/50/0 5, v/v/v) to give 0 91 g (65% from 4) of 9d as 
a colorless oil, Rf 0 11 (EtOAc/hexancs=l/l, v/v), EIMS(70eV), m/z (relative intensity) 394 ([M]+ . 6). 275 
( [ C | 7 H 2 5 N 0 2 ] + , 100), 103 ((HC(OEt)2l+, 14), 91 ( (C 7 H 7 ] + , 81), Ή NMR (90 MHz) 6 7 63-7 52 (m, IH indole 
C(7)H), 7 37-6 96 (m, 3H. indole C(4)-C(6)H3), 7 24 (s, 5H, PhH5), 6 90 (s, IH, indole C(2)H), 4 42 (t, IH, J=5 4 
Hz, £H(OEt)2), 4 08 (t, 2H, J=7 2 Hz, indole NCH2), 3 80 (s, 2H, CH2Ph), 3 76-3 24 (m, 4H, 2xOÇU2CH3), 2 97 
(s, 4H, indole C(3)CH2CH2), 2 06-1 47 (m, 4H, indole NCH7CH2CH7CHV 1 17 (l, 6H, 3=6 8 Hz, гхОСНгСЩ) 
0-Allyl-N-[2-[l-(5,5-diethoxy-pentyl)-l//-indol-3-yl]-ethyl]-hydroxylamine (9е) For dcprotection 
the same procedure was followed as described for 9a using 8e (1 4 g, 2 7 mmol) and BU4NF (3 5 ml. of a IM solution 
in THF) Work-up and purification by column chromatography (ElOAt/hexanes/Et3N=24 5/75/0 5, v/v/v) afforded 0 92 
g (85%) of 9e as a colorless oil, Rf 0 31 (EtOAc/hexanes=l/2. v/v), CIMS(70eV), m/z (relative intensity) 374 ([M]+, 
27), 288 ( [CigH 2 6 N0 2 ] + , 83), 183 ( [ C ] 3 H i 3 N ] + , 100), 103 ([HC(OEt)2]+, 43), Ή NMR (90 MHz) δ 7 66-7 55 (m, 
IH, indole C(7)H), 7 37-6 98 (m, ЗН, indole С(4)-С(6)Н3), 6 95 (s, IH, indole C(2)H), 6 20-5 78 (m, IH, Н 2 С=Ш-
CH2), 5 6 (very br s, IH, NH), 5 40-5 11 (m, 2H, H2£=CH-CH2), 4 44 (t, IH J=5 5 Hz, CH(OEl)2), 4 28-4 18 (m 
2H, Н2С=СН-СЛ2), 4 07 (t, 2Н, J=7 0 Hz, indole NCH2), 3 81-3 31 (m, 4H, 2хОСЛ2СН3), 3 31-3 18 (m, 2H, 
indole С(3)СНгСЛ2), 3 05-2 90 (m, 2H, indole С(Э)С_Н_2СН2), 2 02-1 19 (m, 6H, indole NCH2(£H.2)2CH), 1 18 (t, 
6H, J=7 1 и?, гхОСНгСЛз.) 
3-Allyloxy-2,3,3a,4,5,6-hexahydro-l//-indo]o[3,2,l-<j«j[l,5Jnaphthyridine ( lb) To 9b (1 18 g, 
3 3 mmol) dissolved in chloroform (150 mL) was added tnfluoroacetic acid/water (10 mL, l/l, v/v) The resulting 2-
phase system was stirred vigorously for 30 minutes Work-up was accomplished by the careful (porlionwi.se) addition of 
sodium carbonate until the evolution of gas (C0 2) ceased The organic layer was washed with brine and dried (Na2SC>4) 
The volatiles were evaporated 1/1 vacuo and the residue was subjected to column chromatography (E(OAc/hexanes=l/5, 
v/v) to give 0 71 g (81%) of lb as a white amorphous solid, mp=47-49°C, Rf 0 55 (EtOAc/hcxancs=l/2, v/v), 
CIMS(70eV) exact mass caled for Ci7H 2 0 N 2 O m/z 268 1576 ([M]+) found 268 1574, m/z (relative intensity) 268 
([M]+, 44), 183([Ci 3 H| 3 N] + , 100), 41 ([C3H5J+, II), Ή NMR (400 MHz, to sharpen up the broadened spectrum 
recorded at 57°C, the numbering is according to scheme 7 7) δ 7 35 (d, IH, J=7 7 Hz, C(8)H), 7 14 (d, IH, J=7 8 Hz, 
C(ll)H), 7 06 (t, IH, J=7 2 Hz, C(10)H), 6 99 (t, IH, J=7 3 Hz, C(9)H), 5 92 (ddt, IH, J=16 7 Hz. J=10 6Hz and 
J=6 2 Hz, H2C=CH), 5 21 (dd, 1H, J= 17 5 Hz and J= 1 3 Hz, H.HC=CH), •> 11 (d, 1H, J= 10 3 H/, HHC=CH), 4 27 
4 18 (m, 2H, OCH2), 4 11 (dd, IH, J=l 1 4 Hz and J=5 8 Hz, C(6)H), 3 75 (br d, J=7 8 H/ C(3a)H), 3 64-3 55 (m, IH, 
C(2)H), 3 54 (dt, IH, J=l I 9 Hz and J=5 1 Hz, C(6)H), 3 00-2 92 (m, 2H, C(2)H and C(l)H), 2 81-2 73 (m, IH, 
C(l)H), 2 40 (br d, IH, J=9 8 Hz, C(4)H), 1 3 C NMR (75 MHz) 6 137 9 C(7a), 134 1 C(I4), 133 4 C(l lc), 127 0 
C(lla), 120 8C(9), 119 4C(10), 118 2 C(l 1 ). U8 0C(15), 109 3 C(8), 105 0C(l lb) , 74 7 C(13). 62 6 C(3a), 54 7 
C(2), 420C(6), 26 1 C(5), 21 7 C(l) and C(4), Anal Caled for C)7H 2 oN 2 0 C, 76 09, H, 7 51, N, 10 45 Found C, 
75 83, H, 7 47, N, 10 25 
11 and 12-14 The same procedure was followed as described for lb using 9a (580 mg, 1 8 mmol), chloroform 
(160 mL) and tnfluoroacetic acid/water (8 mL, 1/1, v/v) After stirring for 18 hours at room temperature work-up and 
purification by column chromatography (EtOAc/hexanes=l/5, v/v) afforded two fractions 110 mg (24%) of 11 as 
colorless needles (evaporation of CH2CI2), mp=l89 193°C, Rf 0 52 (ElOAc/hexancs=l/2, v/v), CIMS(70eV) exact 
mass caled for C 3 2 H 3 6 N 4 0 2 m/z 508 2838 (IM]+) found 508 2838, m/z (relative intensity) 508 ([M]+, 56), 451 (|M 
СзН 5 0]+. 26), 49 (100), Ή NMR (400 MHz. cambine numbering) δ 7 51 (d. IH. J=7 7 Hz, C(7)H), 7 44 (d, IH, 
J=8 l Hz, C(10)H), 7 22 (t, IH. J=7 5 Hz, C(9)H), 7 12 (t, IH, J=7 4 Hz, C(8)H), 5 89 (ddl. IH, J=16 7 Hz, J=10 6 
Hz and J=6 2 Hz. Н2С=СЦ). 5 21 (d. IH, J=I7 3 Hz. HHC=CH), 5 11 (d, IH, J=10 2 Hz HH.C=CH), 4 24-4 15 (m, 
4H, OCH2, C(5)H and C(3a)H). 4 03-3 95 (m, IH, C(5)H), 3 49-3 41 (m, IH, C(2)H), 3 36-3 30 (m. IH, C(2)H), 
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103-2 95 (m, IH, C(l)H), 2 84-2 81 (br m, C(1)H and C(4)H), 2 54-2 45 (m, IH, C(4)H), 1 3 С NMR (100 MHz, 
:anthine numbering) δ 137 79 C(6a), 134 67 C(lOc), 134 41 C(13), 127 18 C(10a), 121 60 C(8), 119 41 C(9), 118 30 
¡7(10), 117 98 C(14), 109 96Q7) , 108 10 C(10b), 73 72C(12), 57 56 C(3a), 47 83 C(2), 40 21 C(5), 33 51 C(4), 
19 03 C(l) together with 230 mg (50%) of a fraction containing several products as was identified by TLC 
(EtOAc/hcxanes=l/5, v/v) This fraction was again subjected to column chromatography (EtOAc/hexanes= 1/7, v/v) to 
give in 1-9% yield 6 fractions which were identified by FABMS and NMR as the tn-, tetra- and pentamcrs and isomers 
[hereof 
O-Allyl-N-[2-(6,7-dihydro-pyrido[l,2-a]indol-10-yl)-ethyl]-N-[(2-(trimethylsily)ethoxy)-
carbonylj-hydroxylamine (16b) For the cyclization the same procedure was followed as described for lb using 8b 
(1 5 g, 3 0 mmol), chloroform (100 mL) and tnfluoroacetic acid/water (10 mL, 1/1, v/v) After stirring for 30 min , 
work-up and purification by column chromatography (EtOAc/hexanes=l/3, v/v) afforded 1 2 g (99%) of 16b as a 
colorless oil, Rf 0 51 (EtOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 412 ([M]+, 40), 182 
([CnHi2N]+ , 100), 73 ([Si(CH3)3]+, 20) 41 ([C3H5]+, 16), Ή NMR (90 MHz) δ 7 61-7 51 (m, IH, indole C(7)H), 
7 24-6 96 (m, 3H, indole C(4)-C(6)H3), 6 68 (br dt, IH, J=10 I Hz, indole С(2)£И=СН), 6 23-5 80 (m, 2H, H2C=£H 
and indole С(2)СН=Ш), 5 42-5 19 (m, 2H, H.2C=CH), 4 35 (d, 2Н, J=6 1 Hz, CÜ2-CH=CH2), 4 31-3 96 (m, 4H, 
indole NÇU2CH2 and OCH2CH2S1), 3 77-3 59 (m, 2H, indole С(Э)СН2С_Н_2), 3 16 2 98 (m, 2H, indole 
С(3)СЛ2СН2). 2 70-2 50 (m, 2H, indole NCH2CÍÍ2), 1 00-0 80 (m, 2H, OCH2CH2S1), 0 00 (s, 9Н, Si(CH3)3) 
N-[2-(6,7-dihydro-pyrido[l,2-a]indol-10-yl)-ethyl]-formamide (16c) For the cyclizalion the same 
procedure was followed as described for lb using 8c (0 78 g, 2 35 mmol), chloroform (40 mL) and tnfluoroacetic 
acid/water (4 mL, 1/1, v/v) After stirring for 30 min , work-up and purification by column chromatography 
(MeOH/CH2CI2=5/95, v/v) afforded 0 56 g (99%) of 16c as a colorless oil, Rr 0 52 (МсОН/СН2СІ2=1/9, v/v), 
fcIMS(70cV), m/z (relative intensity) 240 ([M]+, 5), 182 ([Ci 3 H| 2 N]+, 31), 18 ([H 201+, 100), Ή NMR (90 MHz) δ 
7 97 (br s, IH, CHO), 7 50-7 39 (m, IH, indole C(7)H), 7 21 6 89 (m, ЗН, indole С(4)-С(6)Н3), 6 56 (dt, IH, J=10 2 
H/ and J=l 7 Hz, indole С(2)Ш=СН), 5 96 (dt, IH, J=10 0 Hz and J=4 4 Hz, indole C(2)CH=CH). 5 59 (very br s, 
III, NH), 3 99 (t 2H, J=7 1 H/, indole NCH7CH7). 3 58-3 26 (m, 2H, indole C(3)CH2C_H.2). 2 90 (t, 2H, J=6 5 Hz, 
indole C(3)CHCH2). 2 67-2 44 (m, 2H indole NCH2CÜ2) 
Benzyl-[2-(6,7-dihydro-pyrido[l,2-a]indol-10-yl)-ethyl]-amine (16d) For the cyclization the same 
procedure was followed as described for lb using 9d (0 90 g, 2 28 mmol), chloroform (40 mL) and tnfluoroacetic 
acid/water (4 mL, 1/1, v/v) After stirring for 30 min , work-up and purification by column chromatography 
(EtOAc/hexancs=l/l, v/v) afforded 0 50 g (72%) of 16d as a colorless oil The yield may be improved in future 
attempts by the addition of a small amount (0 5%) trielhylamine to the eluent, Rf 0 18 (EtOAc/hexancs=l/l, v/v), 
EIMS(70eV), m/z (relative intensity) 302 ([M]+, 3), 183 ([Ci3HnN]+ 100), 91 ([C7H7]+, 46), Ή NMR (90 MHz) 
δ 7 60-7 50 (m, IH, indole C(7)H), 7 31-6 94 (m, ЗН, indole С(4) С(6)Н3), 7 23 (s, 5Н, PhHs), 6 69 (dt, IH, J=9 9 
Hz and J=l 7 H/, indole C(2)£H=CH), 5 97 (dt, IH, J=9 8 Hz and J=4 5 Hz, indole C(2)CH=ffl), 4 04 (t, 2H, J=6 9 
Hz, indole NCJI2CH2), 3 79 (s, 2H, CH2Ph), 3 13-2 80 (m, 4H, indole С(3)СН2СН2), 2 72 2 50 (m, 2Н, indole 
NCH7CH2). 1 73 (s, IH, NH) 
0-Allyl-N-[2-(7,8-dihydro-6W-azepino[l,2-alindol-ll-yl)-ethyl]-N-[(2-(trimethylsily)ethoxy)-
carbonylj-hydroxylamine (16e) For the cyclization the same procedure was followed as described for lb using 8e 
(1 4 g, 2 7 mmol), chloroform (60 mL) and tnfluoroacetic acid/water (6 mL, 1/1, v/v) After stirring for 30 mm , 
workup and purification by column chromatography (btOAc/hcxanes=l/3, v/v) afforded 1 15 g (99%) of 16e as a 
colorless oil, Rf 0 56 (EtOAc/hexanes=l/2, v/v), CIMS(70eV), m/z (relative intensity) 426 ([M]+, 26), 196 
([C14H14NI+ 100), 73 ([Si(CH3)3]+, 47), Ή NMR (90 MHz) δ 7 71 7 50 (m, III, indole C(7)H), 7 25-7 00 (m, 3H, 
indole C(4)-C(6)H3), 6 58 (br dt, IH, J=13 0 Hz, indole C(2)C_H=CH), 6 22-5 67 (m, 2H, H2C=ÇH and indole 
C(2)CH=C_H), 5 39-5 18 (m, 2H, ИгС=СН), 4 37-3 97 (m, 6Н, Ш 2 -СН=СН 2 , indole NCH2CH2 and OCH2CH7SO. 
3 71-3 52 (m, 2H, indole C(3)CH2CJÌ2), 3 15-3 00 (m, 2H, indole C(3)Ç_H.2CH2), 2 64-2 47 (m, 2Н, indole 




O-Allyl-N-[2-(6,7-dihydro-pyrido[l,2-a]indol-10-yl)-ethyI]-hydroxylamine (17b) For the 
deprotection the same procedure was followed as described for 9a using 16b (1 2 g, 2 9 mmol) and BU4NF (4 4 mL of 
a IM solution in THF) Work-up and purification by column chromatography (EtOAc/hexanes/bt3N=24 5/75/0 5, 
v/v/v) afforded 0 59 g (75%) of 17b as a colorless oil, R f 0 44 (EtOAc/hexanes=l/2, CIMS(70eV) exact mass caled for 
C17H20N2O m/z 268 1576 ([M]+) found 258 1578, m/z (relative intensity) 268 ([M]+, 32), 182 ( [ C
n
H 1 2 N ] + , 100), 
41 ([СзН5]+, 18), ! H NMR (90 MHz) δ 7 62-7 51 (m, IH, indole C(7)H), 7 29-6 96 (m, 3H, indole C(4)-C(6)H3), 
6 71 (dt, IH, J=I0 0 Hz and J=l 8 H?, indole C(2)£H=CH), 6 20-5 76 (m, 2H, H 7 O C H and indole С(2)СН=£Ш, 
5 55 (very br s, IH, NH), 5 40-5 10 (m, 2H, Н2С=СН), 4 22 (dt, 2Н, J=5 7 Hz and J=l 3 Hz, ÇH2 CH=CH2), 4 06 (l, 
2H, J=7 0 Hz, indole NCÜ2.CH2), 3 30-2 92 (m, 4H, indole C(3)CH2CH2), 2 73-2 32 (m, 2H, indole NCH?CH2) 
0-Allyl-N-[2-(7,8-dihydro-6H-azepino[l ,2-a]indol-ll-yl)-ethyl]-hydroxylamine (17e) For the 
deprotection the same procedure was followed as described for 9a using 16e (1 4 g, 2 7 mmol) and BU4NF (4 1 mL of a 
IM solution m THF) Work-up and purification by column chromatography (EtOAc/hexancs/Et3N=24 5/75/0 5, v/v/v) 
afforded 0 55 g (72%) of 17b as a colorless oil, Rt 0 49 (EtOAc/hexanes=l/2, CIMS(70eV) exact mass caled for 
C32H36N402 m/z 282 1732 ([M1+) found 282 1732, m/z (relative intensity) 282 ([M]+, 24), 196 ([Ci4Hi4Nl+ , 100), 
41 ([C3H5]+, 62), lH NMR (90 MHz) δ 7 63-7 54 (m, IH, indole C(7)H), 7 34-6 96 (m, 3H, indole C(4)-C(6)H3), 
6 59 (dt, IH, J=12 4 Hz and J=l 9 Hz, indole С(2)Щ=СН), 6 20-5 70 (m, 2H, H?C=CH and indole C(2)CH=ffi), 
5 40-5 11 (m, 2H, H2C=CH), 4 26-4 17 (m, 4H, C_H2-CH=CH2 and indole N C H 2 C H 2 ) · 3 3 2 " 2 9 4 ( m · 4 H · l n d o l c 
C(3)CH2CH2), 2 69-2 49 (m, 2H, indole NCH 2CH ?CH 2). 2 24-2 00 (m, 2H, indole NCH2CH2CH2) 
0-Allyl-N-[2-[l-(3-oxo-propyl)-l//-indol-3-yl]-ethyl]-hydroxylamine (18) For the attempted 
cychzation the same procedure was followed as described for lb using 8a (1 4 g, 1 0 mmol), chloroform (80 mL) and 
tnfluoroacetic acid/water (8 mL, 1/1, v/v) After stirring for 24 hours, some starting material was still present Only 
deprotection of the acetal toward the aldehyde 18 was detected The reaction mixture was worked-up and subjected to 
column chromatography (EtOAc/hexanes=l/3, v/v) to give 0 54 g (43%) of 18 as a colorless oil, Rf 0 24 
(EtOAc/hexanes=l/3, v/v), CIMS(70eV) exact mass caled for C22H32N2C>4Si m/z 416 2131 ([M]+) found 416 2131, 
m/z (relative intensity) 416 ([M]+, 40), 186 ([Ci 2 Hi 2 NO] + , 100), 73 ([C3H9S1]4·, 69), Ή NMR (90 MHz) δ 9 76 (s, 
IH, CHO), 7 64-7 55 (m, IH, indole C(7)H), 7 31 6 99 (m, 3H, indole C(4)-C(6)H3), 6 94 (s, IH, indole C(2)H), 
6 24-5 80 (m, IH, Н2С=С_Ш, 5 43-5 15 (m, 2Н, Н.2£=СН), 4 45 4 30 (m, 4Н, indole NCH2 and OCH2-CH=CH2). 
4 15-3 96 (m, 2H, 0£H2CH2Si), 3 83-3 67 (m, 2H, indole C(3)CH2CH.2). 3 П-2 85 (m, 4Н, indole аЗ)СН 2 СН? 
and indole NCH?CH2Ì. 0 97-0 77 (m. 2H, OCH2£H2Si), 0 00 (s, 9H, Si(CH3)3), together with 0 2 g (14%) recovered 
starting compound 8a 
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8 Conformational Analysis of the 
Oxathiazepine Ring in Eudistomins 
8.1 Introduction 
As pointed out in the introductory chapter, the correct absolute configuration of the two chiral 
centers, which also form part of the oxathiazepine ring in eudistomins, is essential for biological 
activity ' Only with the (IS, l3bS) configuration were biological activies found It is likely that the 
conformation of the oxathiazepine system also has influence on the biological potency of tetracyclic 
eudistomins Therefore, for a thorough biological structure-activity relationship study, information 
about the conformation of the aliphatic CD ring systems in eudistomins is essential In this chapter a 
conformational analysis using X-ray diffraction analysis and NMR data is presented 
In addition to the two X-ray crystal structures of the cis tetracyclic eudistomin 1 and the trans 
derivative 3, published by Munro2 and our group3, the X-ray structure of the C(l)-deamino 
eudistomin derivative 5 has also been published by Kirkup and coworkers (chart 8 1)4 In addition, 
crystal structure determinations have been performed for two eudistomins described in this thesis, 
viz the cis isoquinohne 2 (chapter 6) and the trans C(l)-methyl derivative 4 (chapter 2) 
Chart 8.1 The eudistomins of which the crystal structures have been determined 
5(±) 
trans 3(15, 13bR) trans 4(15,13W) 
CONFORMATIONAL ANALYSIS OF THE OXATHIAZEPINE RING IN EUDISTOMINS 
The two new crystal structures together with the known structures from the literature will be 
discussed in combination with NMR data 
As is indicated in chart 8 1 the compounds 1,3 and 4 have been obtained enantiomencally pure 
and 2 and 5 were analyzed as racemates. 
8.2 Discussion of the X-ray Crystal Structures 
To facilitate comparison of the conformations of the structures, the bridgehead chiral centers (/ e. 
C(13b) in 1,3,4 and 5, and C(12b) in 2) are all depicted with the Л-configuration in chart 8 2 (the 
structures of 3 and 4 have thus been inverted) 
Chart 8.2 
1 (p-Bz = />-bromobenzoyl) 2 (Boc = ferr-butyloxycarbonyl) 
3 (the ïndole-NH-N-C(I) H-bond 
is presented as a dotted line) 
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From the structures of the cis eudistomin derivative 1 and the cis isoquínoline derivative 2 it is 
noted at first glance that the aliphatic CD ring systems have exactly the same conformations. This 
conformation is also found in the trans derivative 3, and in the C( 1) unsubstituted derivative 5 as the 
major conformer (vide infra). These observations are illustrated in the overlay structures of 1 and 2 
together with 1 and 3 in chart 8.3. 
Chart 8.3 Overlay structures 
1 and 2 1 and 3 3 and 4 
H2N ¿ H 3 
It is worth mentioning that in the structures 1 and 2, with the natural configurations at the 
stereogenic centers, both the lone-pair at the bridgehead nitrogen atom and the C(l)-amino substituent 
are axially orientated in space. 
A conformational^ deviating oxathiazepine D-ring is found in the C(l)-unsubstituted eudistomin 
derivative 5 (chart 8.2). In the unit cell of the X-ray structure of 5 two different conformations were 
found in a 0.74/0.26 ratio. The conformation of the oxathiazepine ring in the major conformer was 
identical with the conformation found in the structures 1-3. In the minor conformer the Nb 
bridgehead nitrogen atom was inverted. Clearly, the conformational energy difference between the 
two Nb inverted conformers is small. 
The conformation of the oxathiazepine ring in the trans C( I )-methyl derivative 4 is entirely present 
in the Nb-inverted configuration as is indicated in chart 8.3. The reason for this inversion is the steric 
repulsion of the methyl group in 4 by the indole-N proton. As can be seen in chart 8.3 the distance 
between the C(l)-methyl group and the indole-N proton is elongated by inversion of the bridgehead 
nitrogen. Due to the presence of a hydrogen bond between the indole-N proton and the equatorially 
orientated C(l)-nitrogen atom in the trans derivative 3, only the 'natural' configuration is found in the 
crystal structure (charts 8.2 and 8.3). 
8.3 Discussion of the NMR Data 
8.3.1 Conformations of the Oxathiazepine Ring in Solution 
Cis diastereomer: 
In the literature extensive NMR data are described for the natural eudistomins. The assignment by 
Rinehart and coworkers of the cis relationship between the H(13b) and H(l) protons was based on 
the small vicinal coupling constant (i.e. < 3Hz). However, as small coupling constants between 
H(13b) and H(l) protons correspond with dihedral angles between 50° and 120° these values may 
130 
CONFORMATIONAL ANAL YSIS OF THE OXATHIAZEPINE RING IN EUDISTOMINS 
also indicate a trans relationships between these protons (vide infra) That indeed a cis relationship 
between H(13b) and H(l) exists in natural eudistomins was confirmed by Munro and coworkers 
from the X-ray crystal structure determination of 1 In the same paper an extensive NOE study was 
presented which confirmed the same conformation of the CD ring system of 1 in solution as was 
found in the crystal structure 
In table 8 1 the dihedral angles are presented for H(l)a with the neighboring H(13b)a (for 1) or 
H(12b)a (for 2) and Η(2)αβ protons as found in the crystal structures of 1 and 2 together with the 
corresponding estimated vicinal coupling constants using a modified Karplus equation Also the 
measured coupling constants are presented together with the estimated dihedral angles for the same 
protons in solution 
Table 8.1 Some dihedral angles (degrees) and in parentheses the corresponding vicinal coupling 
constants (Hz) of 1 and 2 in the crystalline and liquid states The estimated data are 
underlined and are calculated using a modified Karplus equation 6 
Η(1)α-Η(2)α H(l)ot-H(2)ß H(l)a-H(13b)ot 
X-ray 
NMR 
72 (1 7) 39 (5 8) 54 (3 1) 
80-90 (0) 40 (6 2) 80-90 (<1) 
Η(1)α-Η(2)α Η(1)α-Η(2)β H(l)a-H(12b)a 
-ray 
MR 
70 (1 8) 
80-90 (0) 
42 (5 5) 
40 (6 1) 
45 (4 0) 
80-90 (<1) 
Comparison of the NMR and X-ray data of 1 and 2 shows that the dihedral angles between H( 1 )a 
and Η(2)αβ are similar m both the liquid and solid states A significant difference between the solid 
and liquid states is found for the dihedral angle between H(l)a and H(13b or 12b)a in 1 and 2 In 
the liquid state an opening of =40° is found for this dihedral angle, resulting in an even more 
pronounced axial orientation of the C(l)-amino group As will be discussed in chapter 9 the axial 
orientation of the C(l)-amino group in the natural cis diastereomer is considered to be essential for 
showing biological activity 
The NMR spectrum of 2 was recorded at 46° to sharpen the slightly broadened spectrum observed 
at room temperature With only one additional exception (ι e compound lc in table 2 1 in chapter 2) 
all signals in the NMR spectra of cis eudistomins and derivatives described in chapter 2 were sharp 
and corresponded with the NMR spectra of 1 and 2 
Trans diastereomer 
Direct comparison of the NMR data of the trans derivatives 3 and 4 with the corresponding X-ray 
data is not possible due to the severe peak-broadening in the NMR spectra recorded at room 
temperature The NMR spectrum of 3 measured at -31 °C showed the presence of two conformations 
in a 18/82 ratio 7 The spectrum was, however, too complicated to determine all required coupling 
constants In table 8 2 the dihedral angles as found in the crystal structures of 3 and 4 and the, from 
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these data, estimated vicinal coupling constants for the spin systems H(13b)a-H(l)ß and H(l)ß-
Η(2)αβ are presented Because direct comparison with the NMR data of 3 and 4 is not possible due 
to peak-broadening an alternative trans derivative was chosen The trans derivative 6 (table 8 2), 
which gave a sharp spectrum, structurally differs from 3 only by the presence of a Boc protected 
C(l)-amino group and the absence of the 10-mcthoxy group 
Table 8.2 Some dihedral angles (degrees)and m parentheses the corresponding vicinal coupling 
constants (Hz) of 3 and 4 in the crystalline state and of 6 in the liquid state The 





Η(1)β-Η(2)α H(l)ß-H(2)ß H(l)ß-H(13b)ct 
180 (ÜB) 73 5 (15) 161 (9 4) 
160 (10 4) 86 (12) 140 (62) 
Η(1)β-Η(2)α Η(1)β-Η(2)β H(l)ß-H(13b)a
 3 R i = O C H tf^H 
40 (6.2) 80-90 (0) 80-90 (<1) 4 R ' = H , R?=CH3 
6 R ' = H . R?=NHBOC 
The data in table 8 2 reveal that the conformation of the oxathiazepine nng of 6 in solution differs 
significantly from the conformation found in the crystals of 3 and 4 
To determine the liquid conformation of 6 NOESY spectroscopy was performed For protons 
with spatially distances of less than =3Â, NOb connectivities may be expected8 The most remarkable 
observation in the NOESY spectrum of 6 was the absence of the diaxial H(13b)a-H(2)a NOE 
connectivity as would be expected from the X-ray of the analogous structure 3 (in structure 3 the 
H( 13b)a-H(2)a distance is 2 78A) This remarkable observation points to a conformational deviation 
of the D ring around C(13b)-C(l)-C(2) To study this deviation, a molecular modeling study was 
performed on 6, by minimization of the structure corresponding to the observed vicinal coupling 
constants of H(13b)a, H(l)ß and Η(2)αβ 9 The structure resulting of this study, which fits all 
observed NMR data, is presented in chart 8 4, together with the 'H and NOESY NMR spectra 
Comparison with the X-ray structure of 3 shows that the conformation in solution of the 
oxathiazepine ring in 6 differs in the spatial orientation of C(2) and S(3) The reason for this 
conformational deviation is the presence of a hydrogen bond between the indole N proton and the 
Boc-carbonyl in an 8-membered ring The presence of this hydrogen bond in an 8 membered ring as 
in 6 reduces the dihedral angle between H(l)ß-H(13b)a to =90° 
A further support for the presence of this conformahal behaviour of 6 in solution is the X ray 
structure of 7 (see also chapter 4) depicted in chart 8 5 A similar conformation as assumed for 6 in 
solution was found for the 1,2-oxazine ring in the X-ray structure of the trans desthia carba 
eudistomin derivative 7 In the X-ray structure of 7 the amino group at C( 1 ) was functionalized as an 
amide and the resulting hydrogen bond between the indole-N proton and the amide carbonyl is clearly 
visible 
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Chart 8.4 One dimensional and NOESY ¡H-NMR spectra of 6 
13ba 2P 'P 
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Chart 8.5 X ray structure of trans N(l)-p mtrobenzoyl desthia carba eudistomin 7 
In summary, three different conformations of the oxathiazepine ring have been found now in the 
trans series which are depicted in chart 8 6 together with some overlay structures 
Chart 8.6 The observed conformations of the oxathiazepine ring m the trans derivatives 
(eudistomin numbering) 
C(2) S(3) twisted "natural" N(6)-inverted 
Both deviations from the "natural" conformation Α, ι e the C(2)-S(3) twisted В and N(6)-
inverted С conformations, are caused by the interaction of the equatorial substituent at C(l) and the 
indolc-N proton in the unnatural trans diastereomers In the case of 3 and 4 these interactions of the 
C(l)-substituent (ι e NH2 in 3 and CH3 in 4) destabilize the 'natural' conformation A, causing an 
equilibrium between several other conformers which is apparent from the severely broadened NMR 
spectra This peak-broadening was also observed with trans derivatives with C(l)-hydroxy or C(l)-
methoxy substituents (see table 2 2 at the end of the experimental part in chapter 2) Peak broadening 
due to a nitrogen inversion process occurring at the NMR innescale is known for cyclic 1,2-oxaza 
compounds 1 0 With all trans derivatives containing a carbamate protected ammo group at C(l) a 
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strong hydrogen bond exists between the carbonyl oxygen and the indole-N proton favoring the 
C(2)-S(3) twisted conformation B. 
8.3.2 Cis/Trans Assignments 
From the preceding paragraph it may be concluded that due to presence of several conformations 
of the oxathiazepine ring in the trans diastereomer, cis/trans assignments only can be made with 
greatest care. As is evident from the structures depicted in the charts 8.2 and 8.4, differences in the 
vicinal coupling constants for cis/trans diastereomers may only be expected for the protons at C(13b), 
C(l) and C(2). Comparison of the vicinal coupling constants of H(l) with H(13b), and of H(l) with 
both protons H(2) in the cis derivatives 1 and 2 (table 8.1) with the corresponding data of the trans 
derivative 6 (table 8.2) shows that no significant differences are present. Therefore, it is not possible 
to carry out cis/trans assignments on the basis of analyzing vicinal coupling constants. 
Another method for the cis/trans relationship assignment of the H(13b)-H(l) protons which has 
been considered is NOE spectroscopy. The spatial distance between these protons with a cis 
relationship (in 7-membered rings) is expected to be smaller than the distance between these protons 
in the case of a trans relationship. In table 8.3 the distances between the protons H(l) and H(13b) in 
the X-ray structures are presented. Also the data of the modeled structure of 6 are included. 
Table 8.3 The distances (À) between the protons at C(l) and C(13b) in the X-ray structures. 
cis diastereomers 
atoms distance (A) 
1 H(13b)a-H(l)a 2.69 
2 H(12b)a-H(l)a 2.38 
5 H(13b)a-H(l)a 2.52 
trans diastereomers 
atoms distance (Â) 
3 H(13b)a-H(l)p 3.07 
4 H(13b)o-H(l)P 3.49 
5 H(13b)a-H(l)ß 3.09 
6 H(13b)a-H(l)ß 2.84 
These data show that both with the cis and trans diastereomers NOE connectivities between the 
H(13b)-H(l) protons can be expected and were observed for 1,2,5 and 6. Thus, the presence of a 
NOE connectivity between the H(l) and H(13b) protons is itself not indicative for cis/trans 
assignment. It may be concluded that, although the prefered conformations of the oxathiazepine ring 
are well understood, cis/trans assignments in new eudistomin derivatives should be made with great 
care. By NMR, only with a combination of techniques (calculation of the dihedral angles from the 3J-
values in combination with NOESY), reliable assignments could be made. 
There is however one NMR parameter which has been of value in all cases for assignment of the 
cis/trans relationship." The presence of a hydrogen bond between the indole-N proton and a 
hydrogen bond acceptor at C( 1 ) in the trans diastereomers is expected to give an upfield shift of the 
indolc-N proton. Indeed, in all NMR spectra of the trans derivatives described in this thesis and 
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before3·7, with a hydrogen bond accepting substituent at C(l), an upfield shift of 0 9-1 7 ppm was 
observed for the indole-N proton 
However, with both the trans analog of the isoquinoline derivative 2 -lacking the indole-N proton-
and the C(l)-methyl derivative 4 -missing the hydrogen bond acceptor at C(l)- single crystal X-ray 
determination had to be performed to give the incontrovertible cis/trans assignments 
8.3 Conclusion 
For a thorough biological structure-activity relationship study, information about the conformation 
in solution is important. It has been described previously in the literature that the conformation of the 
oxathiazepmc ring in natural as eudistomins in solution is almost identical to the solid state structure 
found by single crystal X-ray diffraction 
Due to interactions of the equatorial substituent at C(l) and the indole-N proton in the trans 
diastereomer, deviations of the 'natural' conformation of the oxathiazepine ring were found both in 
the solid and liquid states. Two deviating conformations were found due to inversion of the 
bridgehead nitrogen atom or to a twist in the C(2)-S(3) region. The energy barriers between the 
different conformers are small and the interconversion occurs at the NMR ti mescale resulting in 
severely broadened NMR peaks By NMR, only with a combination of techniques (calculation of the 
dihedral angles from the 3J-values together with NOE spectroscopy), reliable cis/trans assignments 
can be made 
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Antiviral and Antitumor Structure-
Activity Relationship Studies of 
Eudistomins 
9.1 Introduction 
A brief introduction concerning viruses is given before the antiviral properties of the 
synthetically derived eudistomins are discussed 
Viruses are intracellular parasites that lack independent metabolism and can replicate only 
within living host cells Viruses consist of a protective protein coat which contain the packets of 
infectious nucleic acid Other more complex viruses are surrounded by an additional layer 
containing membrane lipids and glycoproteins, called the envelope Viruses contain either DNA or 
RNA, but not both They can be devided in four subclasses DNA viruses, (+)-RNA viruses 
(mRNA is defined as (+)-RNA), (-)-RNA viruses and the (±)-RNA viruses In table 9 1 some 
examples are given belonging to these four subclasses ' 
Table 9.1 Some viruses à 
DNA viruses 
Herpes (herpes simplex 
type-1, herpes simplex 
typc-2, herpes simplex 
type-1 (TK ), cytomegalo), 
Pox (vaccinia) 
retroviruses 
'evided in their subclasses 
(+)-RNA viruses 
Picoma (polio, 
Coxsackie, rhino). Toga 
(Sindbis, Semliki forest). 












The replication cycle of viruses is intimately connected with the metabolic processes of the host 
cell For the replication of DNA-type viruses the complete host cell biosynthesis machinery is used 
to produce viral DNA, RNA and proteins RNA-type viruses replicate using a different mechanism 
than DNA-type viruses because the host cells lack RNA-directed RNA polymerase, which is 
essential for the transcription of viral RNA into virus derived mRNA RNA viruses contain genetic 
information for the synthesis of RNA-directed RNA polymerase or, for the retroviruses, RNA-
directed DNA polymerase (or reverse transciptase) 2 
Since the replication of viruses is closely associated with the host cell metabolism it has been be 
difficult to develop selective antiviral drugs 3 Treatment of viral infections by chemotherapy began 
about three decades ago The first commercial antiviral drug idoxundine -against herpes simplex 
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keratitis virus- was registered in the early sixties Besides idoxuridine, the U S Food and Drug 
Administration has approved acyclovir, amantadine, ribavirin, triflundine, vidarabme, and 
zidovudine With the exception of amantadine all these drugs are nucleoside derivatives The 
applications of these drugs are rather limited, emphasizing the demand for new antiviral 
compounds with unique structures For the acquisition of biologically active lead compounds three 
approaches are valid 
1 - General pharmacological screening of natural products 
2 - General pharmacological screening of new chemical entities 
3 - Rational design based on understanding of the biological target at a molecular level 
In the search tor antiviral lead compounds the first approach, especially from marine natural 
products, seems to be quite successful 4 Besides the indole alkaloid eudistomins, a variety of 
marine derived antiviral natural products have been isolated belonging to the terpenoid, nucleoside, 
alkaloid and polysaccharide classes 4 As stated in the introductory chapter, eudistomins were first 
isolated from the colonial tunicate Eudistoma Olivaceum 5 Of the five different classes of 
eudistomins which were isolated (see chapter 1), the oxathiazepinc 7-membered ring containing 
tetracyclic eudistomins showed the most potent antiviral activities by far 6 In chart 9 1 the natural 
tetracyclic eudistomins are presented in combination with their antiviral activities in table 9 2 All 
these activities were determined using the same standardized procedure involving monkey kidney 
cells (CV-1 line), as described by Schroeder and coworkers 7 










































Table 9.2 Antiviral activities of the natural eudistomins in ng/disk (active=no precise data 
given) 
eudistomin 
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From table 9 2 it follows that the substituents in the phenyl ring influence the antiviral potency 
The highest activities were found with the eudistomins C,E with a 10-OH group The 11-Br 
substituent may also influence the antiviral potency Eudistomins are active against both DNA and 
RNA viruses and thus display broad-spectrum antiviral activity Both Rinehart5 and Munro 
reported that acylation of the C(l)-amino group eliminate the antiviral activity 
In addition to antiviral activity antitumor activity has also been reported for eudistomins 
Eudistomin К gave, in vitro, an IC50 for P388 of 0 01 μg/mL The in vivo assay gave a T/C of 
137% at 100 mg/kg Further in vivo antitumor activities were reported against L1210, A549, and 
HCT-8 cell lines Apparently, eudistomins act on a biological target which is essential for the 
growth of both the viruses and the host cells No biological data have been reported yet for 
eudistomin F 
Although three total syntheses of eudistomins have been developed,8 hitherto only limited 
structure-activity relationship (SAR) investigations had been published 9 We already demonstrated 
that in debromoeudistomin К the correct natural absolute configuration at the two stereogenic 
centers, as depicted in chart 9 1, is essential for the biological activity 9 In the same study also the 
10-OMe eudistomin K(dcbromo) derivative was discussed which shows a similar increase in activity 
as the most potent natural eudistomins С and E 
In this chapter we present the antiviral and antitumor results of compounds with a substituent at 
C(l) or N(13) as well as compounds in which either the indole system or elements of the 
oxathiazepme ring are replaced by bioisosteric groups In chart 9 2 the investigated derivatives are 
depicted 
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JM8 (chapter 4) 
JMIO (chapter 6) 
The inclusion of the compounds PH77 (=debromo eudistomin K) and JM9 (=10-methoxy 
debromo eudistomin K) allows the possibility to compare the activities of the new compounds with 
those reported for the isolated naturally occurring eudistomins and the data in our previously 
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performed SAR study Although the derivatives JM7 and JM8, with 6/5/6/6 and 6/5/7/6 membered 
ring systems, respectively, cannot be considered directly as eudistomins, they have been included in 
the biological screening process because of their structural analogy with the naturally occurring 
6/5/6/7 tetracyclic structures The optical purities of PH77 and JM8 have been determined by 
analytical HPLC methods and were ca 95% and ca 75%, respectively l 0 The optical purities of 
JM2,3,6,7 and JM9 have not been determined, but it is not expected that excessive racemization 
has been occurred during their synthesis (see chapters 2 and 3) Both JM10 and JM11 have been 
obtained as racemates 
9.2 Antiviral Activities 
The derivatives depicted in chart 2 were evaluated for their inhibitory effects on the replication 
of a number of viruses at the Rega institute in Leuven (Belgium) ' ' 
- DNA viruses herpes simplex virus typc-1 (HSV-1) (strains KOS, F, Mclntyre), HSV 2 
(strains G, 196, Lyons), vaccinia virus and thymidine kinase (TK) deficient (TK ) HSV-1 
(strain B2006) 
- (+)-RNA viruses Coxsackie virus B4, polio virus-1, Sindbis virus, Semhki forest virus and 
human immunodeficiency virus (HIV) type 1 and 2 
- (-) RNA viruses influenza virus A and B, respiratory syncytial virus, vesicular stomatitis 
virus and parainfluenza-3 virus 
- (±) RNA viruses reovirus-1 
HIV infection was carried out with the HTLV-IIIR strain The virus was prepared from the 
culture supernatant of persistently HTLV-IIIR -infected MT-4 cells The antiviral tests were 
performed in either MT-4 (HTLV-1 infected human T4 lymphocyte) or MDCK (Madin-Darby 
canine kidney) or HeLa (a human epithelial cell line derived from a cervix carcinoma) or Vero (a 
simian fibroblast cell line derived from African green monkey kidney) or PRK (primary rabbit 
kidney) or E^SM (human embryonic skin muscle fibroblast) cell lines All antiviral tests were 
carried out following established procedures 1 2 To give the possibility to correct for alterations in 
the activity of the viral assays on different times, /?-5-(2-bromovinyl)-2' deoxyundine (BVDU), (S)-
9-(2,3-dihydroxypropyl)adenine (DHPA), ribavirin and/or carbocyclic 3-deazaadenosine (С c 3 
Ado) have been incorporated in the antiviral tests The observed antiviral data should always be 
considered in relation with the cytotoxic data The antiviral activities were considered significant if 
the ratio of the minimum cytotoxic concentration to the minimum viral inhibitory concentration 
(MCC/MIC ratio) is equal or greater than 10 
Table 9 3 shows that against the influenza viruses A and В out of 5 compounds tested only 
synthetically derived debromo Eudistomin К (PH77) showed significant activity The MCC/MIC 
ratio of PH77 is 10 Due to the highly cytocidal activity of JM9 toward the MDCK host cells, its 
activity against influenza virus could not be detected 
140 
BIOLOGICAL ACTIVITY OF EUDISTOMINS AND ANALOGS 
Table 9.4 shows that PH77, JM9 and JM10 are active against vesicular stomatitis virus 
(MCC/MIC=20). Surprisingly, activity was found for the deviating structure JM8 against 
respiratory syncytial virus (MCC/MIC=17). JM9 is extremely active against vesicular stomatitis, 
Coxsackie B4 and polio-1 virus, although its high cytotoxity against the HeLa host cells should be 
mentioned. 
Table 9.3 Cytotoxic and antiviral activity of the synthetically derived 
eudistomins in MDCK cell cultures: 
min. cytotoxic Minimum inhibitory concentration (μξ/mL) 
concentration influenza influenza 
compound
 (MCC)°, virus A virus В 
(μκ/mL) (Ishikawa) (Singapore) code 
PH77 8 0.8 0.8 
JM6 100 >100 >100 
JM7 40 6 30 
JM8 100 14 >100 
JM9 0 8 >0.32 >0.32 
ribavirin >200 15 15 
a
 Required lo cause a microscopically detectable alteration of normal cell morphology. 
" Required to reduce virus-induced cytopalhogenicily by 50%. Virus-induced 
cylopathogenicity was recorded at 5 days after infection 
Table 9.4 Cytotoxity and antiviral activity of the synthetically derived eudistomins in 




























































































 Required to cause a microscopically detectable alteration of normal cell morphology. 




Table 9.5 shows that in Vero host cells, besides JM9, now also JM2, JM10 and JM11 show 
activity against Coxsackie B4 virus. The same compounds, together with PH77 showed also 
activity against parainfluenza-3, reo virus-1, Sindbis and Semliki forest virus. Noteworthy arc the 
promising MCC/MIC ratios ranging from 57-570 for the isoquinoline eudistomin derivative JM10. 
The same trends for PH77, JM2, JM9, JM10 and JM11 were found against HSV-1, HSV-2, 
vaccinia and vesicular stomatitis virus, presented in scheme 9.6. The MCC/MIC ratios of 1000-
5000 for JM10 for these viruses again emphasize its selective antiviral potency. 
No significant anli-HIV 1 and anti-HIV 2 activities were found for any synthetically derived 
eudistomms (data not shown). For the derivatives JM3, JM6 and JM7 no antiviral activities were 
found in any assay. 
Table 9.5 Cytotoxity and antiviral activity of the synthetically derived 
































































































Required to cause a microscopically detectable alteration of normal cell morphology 
" Required to reduce virus-induced cytopathogenicily by 50% The data represent average values of 
two separate experiments 
General discussion of the antiviral data: 
The synthetic eudistomins JM2,9,10 and 11 display broad-spectrum antiviral activity against 
both DNA- and RNA-type viruses, in contrast to the reference compounds. No activity was found 
against the retrovirus HIV. The general conclusion from previous work that the stereochemistry at 
both C(l) and C(l3)b atoms must be the same as in the natural eudistomins, indicates at least a 
three point interaction at the receptor level. At this point it is interesting to take a closer look at the 
conformations of the CD ring systems in both eudistomin diastereoisomers. In chart 9.3 the spatial 
structure of the natural cis diastereomer as was determined both by X-ray analysis and in solution 
together with the X-ray structure of the inactive trans diastereomer are depicted (see chapter 8). '3 
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Especially from the overlayed structures, it is clear that the only difference between both 
diastereomers is the position of the NH2 group To obtain a significant activity it seems necessary 
that the NH2 group occupies the axial position, as is found m the naturally occurring tetracyclic 
eudistomms 
Chart 9.3 
as diastereomer trans diastereomer both diastereomers overlayed 
In the natural stereoisomer the NH2 group and the lone pair on N(6) are situated on the same side 
of the molecule, indicating that both could be involved in the binding process with the biological 
target The earlier reported observation that replacement of the NH2 group by H (lg) results in loss 
of activity supports this supposition Furthermore, the complete loss of activity when the NH2 
group is substituted by a hydroxy! group (JM3) or a methoxy group (JM6) may indicate that the 
amino group interacts in its protonated form, leading to an ionic interaction with the biological 
target This is further supported by the observation of Rinehart and Munro that N-acylation leads to 
loss of activity 56d The strong influence of substituents at the phenyl ring in the indole part 
(compare PH77 with JM9) demonstrates that the aromatic indole nucleus also contributes to the 
binding process at the receptor site Alterations at this site are allowed as is demonstrated by the 
observation that a methyl substituent at the indole-N (JM2) only moderately lowers the potency 
Substitution of the indole ring system by the dimethoxyphenyl group in the isoquinolinc derivative 
JM10 even increases the selectivity of the antiviral activity Structural alterations are also allowed 
in the 7-membered oxathiazepine ring Replacement of the sulfur atom by a methylene moiety 
(JM11) slightly diminished the antiviral activity compared to the natural occurring eudistomin 
PH77 It can therefore be ruled out that the oxathio acetal moiety plays a crucial role in the antiviral 
mechanism of action From the NMR data of the derivatives JM10 and JM11 it was elucidated that 
the 7-membered ring had the same conformation in solution as was found in the natural 
eudistomms, further supporting the importance of an axially positioned C(l)-amino group 
9.3 Cytostatic Activities 
For the antitumor SAR study the inhibitory effects of the compounds JM2, JM6, JM7, JM8, 
JM10 and JM11 were studied in a similar manner as described previously for PH77 and JM9 The 
inhibitory effects were evaluated on the proliferation of murine leukemia cells (L1210), HTLV 1 
infected human T-lymphoblast cells (Molt/4F), human T-lymphocyte (MT-4), murine mammary 
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carcinoma cells (FM3A and human T-lymphocyte cells (CEM/O), following established 
procedures. ' ' · 1 4 For PH77 already a marked inhibitory effect was observed while JM9 appeared to 
be a very potent cytostatic compound with ID50 values down to 0.005 μg/mL (16 nM) for the 
investigated tumor cells. Similarly to the antiviral data, it was established that the correct natural 
configuration of the two stereogenic centers is essential for the antitumor activity. The data of PH77 
and JM9 in combination with the data of the new derivatives described in this thesis are presented 
in table 9.7. 
Table 9.7 Inhibitory effects of eudistomins on the proliferation of murine leukemia cells 
(L1210), human T-lymphoblast cells (Molt/4F), human T-lymphocyte (MT-4), FM3A, 







































 50% Inhibitory dose or dose required to inhibit tumor cell proliferation by 50%. 
" Similar results were obtained with the P388 cell line by Dr Ρ Lelieveld from TNO-CIVO Institutes, Zeist, the 
Netherlands 
For the new compounds the same trends are found as in the antiviral tests. It should be noted 
here that JM10 is a racemate and it is therefore very likely that optically pure JM10, with the 
correct natural configuration at both stereogenic centers, is twice as active. 
PH77 and JM10 were subjected to further in vitro antitumor activity determinations against 
breast cancer (MCF7, EVSAT), colon cancer (WIDR), ovarian cancer (IGROV), melanoma (Ml9), 
renal cancer (A498), and non small cell lung cancer (HOP92) cell lines, following established 
procedures (table 9.8).15 
Table 9.8 Inhibitory effects of eudistomins on the proliferation of human breast cancer cells 
(MCF7, EVSAT), colon cancer (WIDR), ovarian cancer (IGROV), melanoma (MI9), 









































 These results were obtained in the Laboratory of Experimental Chemotherapy and Pharmacology, Department of 
Medical Oncology, Rotterdam Cancer Institute (Dr Daniel den Hoed Kliniek), the Netherlands 
* 50% Inhibitory dose or dose required to inhibit tumor cell proliferation by 50% The assays were found to be 
reproducablc with relative standard deviations of <20%. 
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As a reference the registered and clinical used antitumor drugs doxorubicin (DOX) and 5-
fluorouracil (5-FU) were added to the assays. The antitumor activities of PH77 and JM10 are 
roughly in between the data for doxorubicin (DOX) and 5-fluorouracil (5-FU), reconfirming the 
potential of eudistomins as antitumor drugs. As was stated above, for the antitumor activity of 
eudistomins, roughly the same SAR conclusions can be drawn as for the antiviral activies. This 
indicates that possibly eudistomins act on a biochemical process that is essential for both virus 
growth and tumor cell growth which has been observed more often for antiviral compounds.14 The 
exact mechanism of biological action of eudistomins is at present under investigation at the REGA 
institute in Leuven (Belgium). 
9.4 Conclusions 
In conclusion it can be stated that tetracyclic eudistomins and analogs may have promise as 
broad-spectrum antiviral and/or antitumor compounds. The correct natural configuration of the two 
stereogenic centers is essential for the biological activity together with the presence of the C(l)-
amino group. The indole ring system may be substituted by the dimethoxyphenyl group, to give an 
isoquinoline eudistomin derivative, without losing antiviral or antitumor potency. The sulfur atom 
in the 7-membered oxathiazepinc ring may also be substituted by a methylene moiety without 
appreciable loss of antiviral activity. Substituents at the phenyl ring alter both the antiviral and 
antitumor potency. The tricyclic isoquinoline derivative is, so far, the most promising antiviral 
analog; it combines a high potency (MIC at =100 ng/mL (340 nM)) with a high selectivity 
(MCC/MIC ratios ranging from 1000-5000 against HSV-1, HSV-2, vaccinia virus and vesicular 
stomatitis virus). The 10-methoxy debromoeudistomin К derivative is the most potent antitumor 
compound with ID 50 values down to 5 ng/mL (16 nM). A summary of the SAR observations is 
depicted in chart 9.4. 
Chart 9.4 SAR observations regarding both antiviral and antitumor activities of eudistomin 
derivatives 
++ essential for activity 
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Summary 
Tetracyclic eudistomins (3, Rl=H, R2=NH2), first isolated from the colonial tunicate Eudistoma 
Ohvaceum, display potent antitumor and antiviral activities In a previous study, closure of the 7-
membered [l,6,2]-oxathiazepine ring was performed in high yields by application of the 
intramolecular Pictet-Spengler (PS) condensation The high yield was cancelled out by an 
unfavored diastereoselectivity to give the unnatural C(l)H-C(13b)H trans eudistomin diastereomer 
4 in excess It was also discovered that only the natural с is isomer exhibits biological activity In 
this thesis further research on the total synthesis of eudistomins by application of the intramolecular 
PS condensation is described The research objectives for this thesis are 
1 - To study the factors controlling the diastereoselectivity of the intramolecular PS 
condensation in order to arrive at a diastereoselective synthetic route to the natural C(1)H-
C(13b)H cis eudistomins 
2- To prepare a series of eudistomin derivatives aimed to establish the necessary structural 
elements for both antiviral and antitumor structure-activity relationship (SAR) studies 
3 - To investigate the synthetic scope and the mechanism of the intramolecular PS condensation 
in the synthesis of the tetracyclic skeleton of the naturally occurring canthincs 
In chapter 2 a study of the factors controlling the stereochemical outcome of the PS condensation 
is presented Several cychzations were performed with aldehydes of the type 1 to elaborate the 
ι о 
influence of the size of the substituents R and R on the diastereoselectivity It was found that the 
diastereoselectivity is solely determined during the kinetically controlled nucleophilic attack of the 




R1 НЯ° \ A-
Re attack 
R2 
Unfortunately, only attack at the side hindered by the substituent R (Re attack) will lead to the 
natural cis eudistomins Therefore, with the intramolecular PS condensation in the natural 
eudistomin scries, selectivity can only be achieved to the unnatural trans diastereomers The 
cyclization yields ranged from 68-98% Depending on the size of R 2 the de 's of the trans 
diastereomers ranged from 24% (R '=H, R2=OH) to 100% ( R ' = H , R 2 =CHÌ) 
It was reasoned that this trans selectivity can become an advantage when the C(l)-amino 
functionality could be introduced after completion of the ring closure by means of an Sn2-type 
reaction resulting in the cis stereochemistry In chapter 3 this approach is worked out for the natural 
eudistomin series Transformation of the trans C(l)-hydroxy derivative into the cis C(l)-azido 
eudistomin derivative by means of the Mitsunobu reaction failed because of a transannular 
SUMMARY 
neighboring group participation of the ß-positioned sulfur atom, leading to a pentacyclic 
intermediate 5 
H Hi 6 .. λ J N3— S 
Subsequent attack of the azide nucleophile occurred at both electrophilic carbon atoms in the 
murane ring to give the D-nng contracted C(l)-azidomethylenc product 6, containing a 6/5/6/6 
mcmbered ring system, and the trans C(l)-azide eudistomin derivative 7 
In chapter 4 the synthesis of an eudistomin derivative with the sulfur atom replaced by a 
methylene group is described The diastereoselectivity of the intramolecular PS condensation was 
also unfavorable and the trans diastereomer was formed in an excess of 98% Moreover, during the 
synthesis the optical activity was lost The desired cis diastereomer was, however, obtained in 
sufficient quantities for biological testing purposes A diastereoseleclive approach to a cis desthia 
carba analog was also attempted using the S
n
2 strategy via a trans C(l)-hydroxy derivative Once 
again, neighboring group participation thwarted this stategy Transannular nucleophilic attack now 
occurred from the ß-positioned bridgehead nitrogen atom to give a pentacyclic intermediate 8 
containing an azindmium ring 
8 H
 Η Ό 
Subsequent attack of the azide ions occurred at the benzylic position only The resulting product 
10, with a 6/5/7/6 membered ring system instead of the 6/5/6/7 membercd ring system originally 
present in the starting eudistomin derivative, was obtained in a stereospccific fashion in 81% yield 
Besides the biological relevance of the sulfur atom, the function of the oxygen atom in the 
oxathiazepine moiety was also considered In chapter 5 the attempted syntheses of an eudistomin 
derivative with the oxygen atom in the 7-membered ring replaced by a methylene group are 
described Closure of the 7-membered thiazepine ring by means of the intramolecular PS 
condensation could not be accomplished, despite the use of the Nb-amides 11 which should give the 
highly reactive intermediate cyclic N acyliminium ions 12 Probably due to the low nucleophihcity 
of the amide nitrogen atoms the rate of formation of the acyliminium intermediates 12 is very slow 
and competitive deprotection of the carbamate protected C(l)-amino group occurred, followed by 
side reactions Also in this case a diastereoseleclive approach via a trans C(l)-hydroxy compound 
was carried out Ring closure via the intermediate N-acylimimum ions could now be performed 
giving the cis/trans tetracyclic lactams 13 in a 50 50 ratio in only 36% yield 
N, 





 HCO ) 
A ^ s R=Boc-
H+ 
RHN Cbz 
i 'X— S 
12 
RHN 
These disappointing cyclization results with the desoxo carba derivative emphasize the unique 
properties of N-alkoxyiminium ions in the PS condensation The S
n
2 type introduction of the amino 
functionality by means of the Mitsunobu reaction again failed due to neighboring group 
participation of the nucleophilic sulfur atom, despite the anticipated rigidity of the 7-membered 
lactam in 13 
The intramolecular PS approach to the isoquinoline derivative of 14 described in chapter 6 
Cyclization proceeded m 60% yield and, surprisingly, the desired cis diastereomer was obtained in 
a diastereomenc excess of 56% The stereochemical outcome of the PS 
condensation resulting m compound 14 is much better than in the case of 
tetracyclic eudistomin derivatives The subtile difference in 
nucleophilicity of the aromatic nucleus in the respective cases is probably 
responsible for this 
The synthetic accessibility of the tetracyclic canthine skeleton as in 15, 
using the intramolecular PS cyclization of the several N
a
-functionalized tryptamines 16 is described 





























The chain-length η was varied to investigate both the synthetic scope and the reaction 
mechanism of this PS condensation It was found that only tryptamine derivative 16b, after in situ 
hydrolysis of the diethyl acetal, cychzed to give the corresponding hexahydro canthine derivative 
17 in 81% yield Product formation must have occurred by attack from the indole 2-position at the 
electrophilic iminium-ion Intramolecular attack from the indole-3 position is impossible because 
this process would give a spiro intermediate with a highly unfavorable 7-membered ring containing 
a trans double bond The tryptamine derivatives 16a (n=2) and 16c (n=4) only gave ohgomeric 
compounds resulting from miermolecular PS condensations Instead of giving the hexahydro 
canthine skeleton, the Nt,-formylated and Nb-benzylated tryptamines 16d,e, gave the corresponding 
3,4-dihydro pynmidino[l,2-a]indoles 18 originating from direct attack from the indole 2-position at 
the protonated aldehydes 
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This prefered attack of the indole 2-position at the protonated aldehydes 
HNR occurred due to the low nucleophilicities of the Nt>-formylated or the 
protonated Nb-benzylated nitrogen atoms in 16d,e, respectively, again 
emphasizing the unique usefullness of N-alkoxytryptamines in the PS 
18 R=CHO, CH2Ph condensation 
In chapter 8 all known X-ray crystal structures of oxathiazepine ring 
containing eudistomin derivatives are discussed in combination with the 'H-NMR data It was 
found that the conformation of the oxathiazepine ring in the natural cis eudistomins in solution was 
virtually the same as was found in the X-ray crystal structures Several conformations of the 
oxathiazepine ring were found for the trans diastereomers both in solution and in the solid state 
These conformational changes are caused by interactions of the equatorial C( 1 )-substituent with the 
indole-N substituent Due to the flexibility of the oxathiazepine ring, straightforward cis/trans 
assignments by 'H-NMR spectroscopy may be hampered 
The biological activities of the eudistomin derivatives described in this thesis are presented in 
chapter 9 The antiviral activity was determined against sixteen different viruses Also antitumor 
activities were determined against twelve different cell line classes From previous work it was 
already concluded that the correct natural configuration of the two stereogenic centers is essential 
for biological activity From the derivatives tested in this thesis it was established that also the 
presence of the C(l)-amino group is essential for biological activity 
. , , . „ The indole N proton may be replaced by a methyl group without 
++ essential for activity r J r ι J Ь r 
+/ structural modification appreciable loss of biological activity Fur thermore, the indole ring 
allowed system may be substituted by the dimcthoxyphenyl group, to give 
the isoquinoline skeleton 14, without losing antiviral or antitumor 
J. potency Replacement of the sulfur alom in the oxathiazepine ring 
О 
H \ by a methylene group is also allowed, since the antiviral activity is 
• u M^^Vs o n ' y slightly affected These observations are summarized in the 
+fm ^ + + +/ chart at the left T h e tricyclic i soquinol ine derivative 14 is, so far, 
the most promising antiviral analogue with MCC/MIC ratios (= 
cytostatic dctivity/antiviral activity ratio) ranging from 1000-5000 against the HSV-1, HSV-2, 
vaccinia and vesicular stomatitis viruses and activity in concentrations of =100 ng/mL (340 nM) 
The 10-methoxy debromoeudistomin К derivative is the most active antitumor compound with 
ID so values down to 5 ng/mL (16 nM) It may therefore be concluded that tetracyclic eudistomins 
and analogs have promise as broad-spectrum antiviral or antitumor compounds 
The major conclusions, regarding the three objectives of the research described in this thesis, 
that can be drawn are 
1-With the intramolecular PS condensation in the ß-carboline series, diaslereoselectivity can only 
be achieved to the unnatural trans diastereomer Cis diastereoselectivity, however, can be achieved 
in the isoquinoline series Sn2-type substitution of activated C(l)-hydroxy groups in trans 
eudistomin derivatives by masked nitrogen nucleophiles, to give cis eudistomins, failed due to 
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transannullar neighboring group participation of either the nitrogen or sulfur atom in the 7-
membered ring 
2-By synthesis of appropriate derivatives it was shown that the indole-N proton, the indole ring 
system or the sulfur atom may be replaced by isostenc groups without losing antiviral or antitumor 
activity Both the correct natural stereochemistry and the C(l)-amino group are essential for 
biological activity 
3-The tetracyclic skeleton, present in the canthine series, is synthetically accessible via the 
intramolecular PS condensation from Na-butyraldehyde-Nt,-alkoxytryplamines in high yields 
Substancial evidence has been presented for a direct nucleophihc attack of the indole-2 position at 
the intermediate iminium ion in the intramolecular PS condensation. 
Samenvatting 
Tetracyclische eudistomines (3.R1=H,R2=NH2), die voor het eerst werden geïsoleerd uit het in 
kolonies levende manteldier Eudistoma Olivaceum, bezitten een sterke antivirale en antitumor 
activiteit. Een uniek structuur kenmerk vormt de 7-voudige [l,6,2]-oxathiazepme ring. In een 
voorafgaande studie was de sluiting van deze 7-voudige ring in hoge opbrengsten bewerkstelligd 
d m ν. de ïntramoleculaire Pictet-S pengier (PS) condensatie Echter, tegenover deze hoge opbrengst 
staat de ongunstige diastereoselectiviteit waarmee de onnatuurlijke C(1)H-C(13b)H trans 
eudistomines 4 in overmaat gevormd worden. Er was namelijk al gebleken dat slechts de 
natuurlijke cis stereoisomeren biologische activiteiten vertonen. In dit proefschrift is een 
voortgezette studie beschreven van de totaalsynthese van eudistomines d.m.v de intramoleculaire 
PS condensatie. De doelen die vooraf aan het onderzoek gesteld werden, zijn: 
1- Het bestuderen van de factoren die de diastereoselectiviteit in de intramoleculaire PS 
condensatie beïnvloeden, om te komen tot een betere diastereoselectieve synthese van 
natuurlijke C(l)H-C(l3b)H cis eudistomines. 
2- Het gericht ontwerpen en synthetiseren van eudistomine derivaten met de noodzakelijke 
structuur-elementen voor zowel een antivirale als een antitumor structuur activiteits relatie 
(SAR) onderzoek. 
3- Het bestuderen van de toepasbaarheid en mechanistische aspecten van de intramoleculaire PS 
condensatie in de synthese van het tetracyclische skelet van de natuurlijk voorkomende 
canthines. 
In hoofdstuk 2 is de studie beschreven naar de factoren die het stereochemische reactieverloop 
van de PS condensatie beïnvloeden. Verschillende cyclisaties zijn uitgevoerd met aldehyden van 
het type 1 om de invloed van de grootte van de substttuenten R ' en R2 op de diastereoselectiviteit te 
onderzoeken. Gevonden werd dat de diastereoselectiviteit geheel werd bepaald door de kinetisch 
bepaalde, nucleofiele aanval van de indool-2 positie op het intermediaire cyclische immium ion in 
2 Ongelukkigerwijs levert aanval op de door R2 gehinderde zijde (Re aanval) de natuurlijke cis 
configuratie. Derhalve kan met de intramoleculaire PS condensatie, in de natuurlijke eudistomine 
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reeks, slechts de ongewenste trans diastereomeer selectief gesynthetiseerd worden. De opbrengsten 
van de cyclisaties varieerden van 68-98%. Afhankelijk van de grootte van R2 werden diastcreomere 
overmaten verkregen van 24% (R'=H, R2=OH) tot 100% (R'=H, R2=CH3). 
Re aanval 






R2 ^  
'P2Л ¿ + 
Si aanval 3 (cis), 4 (trans) 
Er werd beredeneerd dat deze trans diastereoselectiviteit in ons voordeel gebruikt zou kunnen 
worden, indien de C(l)-amino substituent geïntroduceerd wordt d.m.v. een Sn2-type reactie, 
resulterend in een produkt met de gewenste cis stereochemie. In hoofdstuk 3 is deze benadering 
uitgewerkt voor de natuurlijke eudistomine klasse. Omzetting van het trans C(l)-hydroxy derivaat 
in het cis C(l)-azido eudistomine derivaat d.m.v. de Mitsunobu reactie mislukte t.g.v. 
transannulaire buurgroepparticipatie van het ß-gepositioneerde zwavel atoom, resulterend in het 
pentacyclische intermediair 5. 
N3— 
CçCX 
Η "Ί \ 
э®. 
Aanval van de azide nucleofielen vond plaats op beide electrofiele koolstof atomen in de thiiraan 
ring, waarbij het D-ring verkleinde C(l)-azidomethyleen produkt 6 met een 6/5/6/6-voudig ring 
systeem, gevormd werd tesamen met het trans C(l)-azide eudistomine derivaat 7. 
In hoofdstuk 4 is de synthese beschreven van een eudistomine derivaat waarbij het zwavel atoom 
is vervangen door een methyleen eenheid. De diastereoselectiviteit van de intramoleculaire PS 
condensatie was uiterst ongunstig en de trans diastereomeer werd gevormd in een overmaat van 
98%. Bovendien is tijdens de synthese de optische activiteit verloren gegaan. De gewenste cis 
diastereomeer is echter in voldoende hoeveelheden verkregen t.b.v. biologische testen. Gelijktijdig 
is geprobeerd om het desthia carba derivaat d.m.v. de S
n
2 strategie diastereoselectief uit het trans 
C(l)-hydroxy derivaat te synthetiseren. Wederom werd deze strategie gedwarsboomd door 
transannulaire buurgroepparticipatie. Transannulaire nucleofiele aanval vond nu plaats door het ß-






 N ' 3 " 
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Het pentacyclische intermediair 8 met een azindinium ring werd door de aanwezige azide ionen 
selectief op de benzylische positie aangevallen waarbij stereospecifiek product 10 met een 6/5/7/6-
voudig ring systeem gevormd werd in een opbrengst van 81% 
Naast de biologische relevantie van het zwavel atoom zijn wij tevens geïnteresseerd in de functie 
van het zuurstof atoom in de oxalhiazepine ring In hoofdstuk 5 staan de synthese pogingen 
beschreven van het derivaat, waarbij het zuurstof atoom in de 7-voudige ring gesubstitueerd is door 
een methyleen eenheid Sluiting van de 7-voudige ring d m ν de ïntramoleculaire PS condensatie 
kon niet bewerkstelligd worden, ondanks het gebruik van Nb-amides 11 die de uiterst reactieve 
intermediaire cyclische N-acyliminium ionen 12 zouden moeten geven 
(X H N ^ ° H+ 
u
 H
 HCO ) 
A ^ s R=Boc' RHN Cbz RHN 
Waarschijnlijk wordt de PS condensatie erg vertraagd door de lage vormingssnelheid van de 
acyliminium intermediaren 12, zodat competitieve ontscherming van de carbonaat beschermde 
C(l)-amino groepen plaats kan vinden, gevolgd door nevenreacties Ook in het geval van het 
desoxo carba derivaat is een diastereoselectieve benadering via een trans C(l)-hydroxy derivaat 
ondernomen Ringsluiting van het intermediaire N-acyliminium ion kon nu inderdaad 
bewerkstelligd worden waarbij de cis/trans tetracyclisch lactamcn 13 in een gelijke verhouding in 
slechts 36% opbrengst geïsoleerd werden. Deze teleurstellende cychsatie resultaten van het desoxo 
carba derivaat onderstrepen de unieke eigenschappen van N-alkoxyiminium ionen in de PS 
condensatie De Sn2 type introductie van de amino functie d m ν de Mitsunobu reaktie is wederom 
mislukt t g ν buurgroepparticipatie van het nucleofiele zwavel atoom, dit ondanks de voorziene 
grotere starheid van het 7-voudige lactam in 13 
De synthese van het isoquinoline derivaat 14 via de intramoleculaire PS condensatie is beschreven 
in hoofdstuk 6 De nngsluiting verliep in 60% opbrengst en, 
verrassenderwijs, werd de gewenste cis diastereomeer met een 
diastereomere overmaat van 56% gevormd De diastereoselectiviteit van 
de PS condensatie resulterend in verbinding 14 is veel beter dan in het 
geval van de tetracyelisene eudistomine derivaten Het subtiele verschil 
in nucleofiliciteit van het aromatisch gedeelte in de respectievelijke 
gevallen is hiervan mogelijk de oorzaak 
De synthetische toegankelijkheid van het canthine skelet zoals in 15 d m ν de ìntramolcculaire 
PS cyclisatie van verschillende Na-gefunctionaliseerde tryptamines 16 is beschreven m hoofdstuk 7 
De ketenlengte η werd gevarieerd om de synthetische toepasbaarheid en het reactiemechamsmc van 
deze PS condensatie te bestuderen Gevonden werd dat slechts tryptamine derivaat 16b, na in situ 




derivaat 17 in 81% opbrengst geïsoleerd werd De produktvorming moet hebben plaatsgevonden 
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Intramoleculaire aanval vanaf de indool-3 positie is onmogelijk, omdat dan een spiro intermediair 
met een zeer ongunstige 7-voudige ring met een trans dubbele band zou ontstaan De tryptamine 
derivaten 16a (n=2) en 16c (n=4) gaven slechts de vorming van oligomeren te zien tg ν 
míermoleculaire PS condensaties 
In plaats van de vorming van het hexahydro canthine skelet werden vanuit de Nb-geformyleerde en 
Nb-gebenzyleerde tryptamines 16d,e de overeenkomstige 4,4-dihydro 
pynmidino[ 1,2 ajindolen 18 verkregen, t g ν directe aanval van de indool-2 
positie op de geprotoneerde aldehyden Deze competitieve aanval vond 
plaats t g ν de lage nucleofihciteit van de Nb-geformyleerde of de 
geprotoneerde Nb-gebenzyleerde stikstof atomen in respectievelijk 16d,e 
Dit onderstreept wederom de unieke toepasbaarheid van Nb 
alkoxytryptamines in de PS condensatie 
In hoofdstuk 8 worden alle, tot nu toe bekende, kristalstructuren van oxathiazepine ring 
bevattende eudistomine derivaten bediscussieerd in relatie tot de 'H-NMR data Verder wordt 
verduidelijkt dat de conformatie van de oxathiazepine ring in de natuurlijke cis eudistomines in 
oplossing vrijwel identiek is aan de conformatie in de kristalstructuren Verschillende conformaties 
voor de oxathiazepine ring werden gevonden voor de trans diastereomeren, zowel in oplossing als 
in de kristalstructuren De conformationele afwijkingen werden veroorzaakt door interacties van de 
equatoriale C(l)-substituent met de indool-N substituent Tg ν de grote flexibiliteit van de 
oxathiazepine ring wordt de cis/trans toekenning dmv 'H-NMR spectroscopie vaak bemoeilijkt 
De biologische activiteiten van de nieuwe eudistomine derivaten staan beschreven in hoofdstuk 
9 De antivirale activiteit werd bepaald tegen zestien verschillende virussen Eveneens zijn de 
antitumor activiteiten bepaald tegen twaalf verschillende cellijnen Uit voorgaand onderzoek werd 
reeds geconcludeerd dat de correcte natuurlijke configuratie van de twee crurale centra essentieel is 
voor de biologische activiteit Het indool-N proton kan vervangen worden door een methyl groep 
zonder noemenswaardig verlies van de biologische activiteit Verder kan de gehele indool eenheid 
vervangen worden door een dimethoxyfenyl groep, zoals in het isoquinoline derivaat 14, zonder 
verlies van antivirale of antitumorale potentie bveneens heeft vervanging van het zwavel atoom in 
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de oxathiazepine ring door een methyleen groep weinig invloed op de antivirale activiteit Deze 
waarnemingen 7ijn schematisch samengevat in de onderstaande figuur 
-H- essentieel voor activiteit H e t tncyclische isoquinoline analogon is het tot nu toe meest 
+/. structurele modificaties veelbelovende antivirale derivaat met MCC/MIC ratio's 
toegestaan (=cytostatische activiteit/antivirale activiteit) vanerend van 1000-
а
^ ч . 5000 tegen HSV-1, HSV-2, vaccinia en vesicular stomatitis 
J|¡ M virussen, waarbij reeds activiteiten in het =100 ng/mL (340 nM) 
M ^ T N < O 
H ; /y H \ concentratiegebied gevonden werden Het 10-methoxy 
t HoN \ \ - 8 - ^ , debromoeudistomine К derivaat is de meest actieve antitumor 
+/. ++ +/- verbinding met ID50 waarden tot 5 ng/mL (16 nM) Uit deze 
resultaten blijkt dal tetracyclische cudistomines en analoga een 
kans hebben als breed-spectrum antivirale of antitumor verbindingen 
De hoofdconclusies die getrokken kunnen worden, m b t de doelstellingen die aan het begin van 
het onderzoek gesteld werden, zijn 
1- Met gebruikmaking van de intramoleculaire PS condensatie in de β-carbol me reeks kan slechts 
diastereoselectiviteit in de vorming van de onnatuurlijke trans diastereomeer bewerkstelligd 
worden Cis diastereoselectiviteit werd echter wel bereikt in de synthese van een isoquinoline type 
eudistomine derivaat Synthese van eudistomines via S
n
2-type substitutie van een geactiveerde 
C(l) hydroxy groep in trans eudistomines door gemaskeerde stikstof nucleofielen is niet mogelijk 
t g ν transannulaire buurgroep participatie van zowel het stikstof- alsmede het zwavelatoom in de 
7-voudige ring 
2- Door synthese van geschikte derivaten is opgehelderd dat het indool-N proton, de indool eenheid 
of het zwavelatoom vervangen kunnen worden door isostere groepen zonder belangrijk verlies van 
de antivirale of antitumor activiteit Zowel de correcte natuurlijke configuratie alsmede de C(l)-
amino groep zijn essentieel voor de biologische activiteit 
3- Het tetracyclische skelet, zoals aanwezig in de canthines, is synthetisch toegankelijk in hoge 
opbrengsten d m v de intramoleculaire PS condensatie vanuit N
a
-butyraldehyde-Ntr 
alkoxytryptamines Eveneens is het bewijs geleverd dat inderdaad directe nucleofiele aanval vanaf 
de indool-2 positie op het intermediaire ïminium ion tot productvorming in de PS condensatie kan 
leiden 
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